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A GLANCE AT AERONAUTICAL SCIENCE.* 


Dy MR. W. CLARE, 


From ‘The Mechanics’ Magazine,”’ 


The reading of the Aeronautical So- 
ciety’s report for the past year is a task 
somewhat tinged with a shade of the 
melancholy when we consider how little 
has really been done in that time—not 
one new theory has been advanced, not 
one experiment of value made. It is at 
all times pleasant to feel that we are 
moving forwards in the track of any 
scientific discovery ; indeed, we all of us 
have a great objection to a retrograde 
motion, while many dislike progressing 
(after the manner of a crab) in a side- 
ways fashion, or, in other words, study- 
ing the collateral branches of an incom- 
plete science. But when we have come 
to the end of our tether in a forward 
direction, stuck in the mud as it were, or 
have wandered into one of the many and 
devious paths of error, it becomes us, I 
think, the rather to retrace our steps, and 
as we retire carefully to note the ground 
over which we pass, with a view of dis- 
covering where we first turned aside from 
the right path, and, instead of helplessly 
sticking in the mud and merely looking 
about us, to go back and endeavor to 
find some way of successfully passing 
over, or going round, the discouraging 
slough. 

Now this is the scheme, the adoption 
of which I think would be beneficial to 
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the at present infantile science of aero- 
nautics, and my object this evening is to 
try and gently lead you back to your 
place of starting and there to leave you, 
hoping that with the experience already 
gained you may be more successful in 
your next journey towards the solution of 
those mysteries which now so closely 
enwrap the almost chimeric science of the 
theory and practice of flight. 

The method by means of which I shall 
hope to attain this object will be to en- 
deavor to point out, as far as I am able, 
a few of the many paths of error, and to 
try and explain the nature of that mud in 
which we seem so firmly embedded. The 
few sentences I am about to read are, for 
the most part, founded upon the assump- 
tion that the majority of those present 
this evening have carefully perused the 
four interesting reports of the proceed- 
ings of the Society issued by it. 

History furnishes us with many in- 
teresting proofs that artificial flight must, 
in a greater or less degree, have occupied 
the minds of the learned in every age. 
The Jews had their cherubim, carried 
out, moreover, under divine instruction ; 
the Assyrians have left us their winged 
bulls, the Greeks their sphinxes, while 
Roman writers tell us how the mythical 
personage Deedalus flew across the Aigean 
sea, and this nation has bequeathed to us 
various reliefs illustrative of what appear 
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to be well-proportioned wings, which have 
possibly played some part in the manu- 
facture of the angel of the painter. The 
fact that the problem of flight has been 
present to the minds of so many myriads 
ef the- human race displays to us the 
magnitude of the enterprise upon which 
we have entered, and teaches us how 


necessary it is to labor with the strength | 
of unity, and to be careful to extend our , 


researches in a right direction. “On- 


wurds and upwards” must be our motto. | 


The ancients seem to have had one idea 


of flight only, but to us the subject seems | 


naturally to divide itself into two branches, 
namely, that of aerial ascent, locomotion, 
and navigation by means of power, and 
individual manual flight ; this latter ap- 
pears to me the purer branch of the 
science, one more worthy our consider- 
ation, and the one in which nature seems 
the more inclined to help us. The bird 
has been greatly upheld as a model teach- 
ing us how to fly, though there is no 
reason why a bird should teach us praeti- 
cally how to fly any more than a fish has 
taught us how to swim or how to propel 
our vessels, but they have hitherto ma- 
terially assisted the pursuit of the theory 
of flight, and doubtless may yet somewhat 
help us in our investigations of its prac- 
tice. Man had to learn to swim, he has 
yet to learn to fly. Flight is little else 
than swimming, though in a medium far 
less dense than that of water, and a cor- 
responding increase in speed, combined 


weight we need have no fear of making 
them too heavy. This proportion, how- 
ever, varies, nature teaching us that the 
amount of wing surface in proportion to 
weight decreases as the weight increases. 
It is hardly necessary here to remind you 
‘that ratios do seem to relatively exist be- 
tween weight, power, and surface. 

The second part of error to which I 
wish to call your attention is the still too 
prevalent, though happily almost exploded 
idea, that air cells help, except in a very 
limited degree, the flight of birds. Dr. 
Wenham has, I believe, already attracted 
‘your attention to the fallacy of this theory 

(for it has never gone beyond theory), 
and allow me to ask, Why air cells should 
‘assist a bird to rise in the air? If, as is 
reasonable to suppose, these cells are fit- 
ted with an extremely rare gas, a power 
of buoyancy would of course be the result ; 
but what a power! under the most favor- 
‘able circumstances bearing something 
like the enormous rate of } per cent. (.025) 
|to the weight. Were, however, a bird 
thus buoyed up, as many still suppose, 
‘flight would be rendered impossible by 
that very buoyancy, as impossible as the 
flight of a balloon—by flight I mean of 
/eourse controllable flight. This air cell 
business is by far the weakest argument 
_yet brought forward. 
Another common error seems to be the 
notion that models are such a necessary 
‘and essential help to the object of this 
| Society. The province of a model is to 


with wings sufficiently long to permit us | explain an invention to others after it has 
to decrease this speed to a practical limit, | been made, and not to assist the inventor. 
seems only required to enable us to float | In every great invention they have (ex- 
as calmly in the unyielding air as we now cept within very restricted limits) been 
do in water. found to be almost useless, and most of 

This remark paves the way to the first | our valuable discoveries have been made 

error, and a very common one, to which I | and carried out without their aid. Watt's 
. desire to direct your notice for a few mo-| first condensing engine had a cylinder of 

ments, which is, that heavy wings or | 18 in. diameter, which is, I believe, some- 
- heavy machinery must necessarily retard | what above the average size of the cylin- 
or render impossible flight. Now, I| ders now in general use, and I imagine 
imagine that if, when the “Great Eastern” | that if would-be inventors of artificial 
was building, anyone had been absurd | flight would, like Watt, first mature their 
enough to say, “This ship is so heavy it | theories with no aid from models, save 
can never float,” we should have answered, | those of a most elementary description, 
“Nonsense, weight is nothing, it is a | there would be but little difficulty, except 
question of displacement only.” Thereis with regard to practical details, in after- 
little theoretical difference between flight | wards carrying out those theories. The 
in water and flight in air; the difference | model is a rock upon which many an in- 
is a practical and mechanical one, and | ventor has been broken up ; if a project 
provided our wings or machinery dis- | succeeds in the form of a model it often 
place sufficient air in proportion to their fails in after practice, and vice versd. The 
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impenetrable stupidity of model makers 
frequently renders models worse than 
useless, proved by the fact that inventors 
rarely employ the same modellist twice. 
Another devious path is the almost gen- 


eral hankering after steam in some form | 


or other, which has existence in the 
minds of aeronautical people. I fear the 
steam-engine is far too wasteful a machine 
ever to suit the requirements of aerial 
navigation, and when we consider that in 
a good condensing double cylinder expan- 
sive steam-engine we waste (I speak from 
memory only) about 90 per cent. of coal, 
and that a bird uses his power with, I 
suppose, no appreciable waste, the com- 
parison becomes very unsatisfactory and 
a very unpleasing one to dwell upon. Na- 
ture, however, teaches us that the power 
necessary for the flight of a bird is after 
all but small (the horse power ofa pelican 
being generously estimated at 1-11th by 
Mr. Wenham, I believe), but it is used in 
a manner far more economical than ma- 
chinery is ever likely to effect. Birds feel 
the air and seem toguide their flight by ner- 
vous sensation; machinery, I fear will nev- 
er accomplish this, though man undoubt- 
edly will. Dr. Smyth, in his experiments 
with the wings of a pigeon dried in an 
extended position, found that, however 
cleverly and closely he imitated the motions 
of a pigeon by means of a spring, he could 
raise no weight except very occasionally, 
and then by jerks; which proves that great 
power is not required so much as a suc- 
cessful manipulation of a small power. 
Will it be considered superfluous here 
to remind you that, though birds of the 
struthious or ostrich order do not fly, 
weight is by no means the cause of their 
failure? You will perhaps allow me to 


quote in a parenthesis the quaint old nat- | 


uralist Buffon’s contrary opinion on this 
subject. He says: “The ostrich is gener- 
ally considered as the largest of birds, but 
its size serves to deprive it of the princi- 
pal excellence of this class of animal—the 
power of flying. The medium weight of 
this bird may be estimated at 75 or 80 lbs., 
a weight which would require an immense 
power of wing to elevate into the atmos- 
phere, and hence all those of the feathered 
kind which approach to the size of the 
ostrich, such as the cassowary, the dodo, 
neither possess nor can possess the fac- 
ulty of flight.” The drift of all this pre- 
amble and quotation is that I wish to ask 


you why and how it is that these birds are 
not constructed for flight. There doubt- 
less is ‘some wise reason, but I have never 
yet heard an explanation which has in any 
| way satisfied me. 

Another query it would be well to have 
definitely answered is this: We frequently 
see birds, especially swallows, flying at an 
angle at times as great as 45 deg. to the 
horizon. By what means do they attain 
this position, how maintain it, and how 
return from it to the horizontal? It will 
be useful to know, because when man flies, 
as he undoubtedly soon will do, he will 
require similar steering, balancing, or tail 

apparatus. We must endeavor also in our 
investigations to forget the very existence 
of such a thing as a balloon, which is at 
best but a meteorological instrument, 
though a most useful, and, when in the 
skilful hands of Mr. Glaisher or some few 
others, a very scientific one. It is alto- 
gether foreign to the ultimate aim of this 
Society. We must study and put into 
practice nature, and, to a certain extent, 
leave art and chemistry alone. One more 
suggestion here too. As we can only hope 
to build up future successes on past fail- 
ures, I think all failures ought to be dis- 
cussed and analyzed; for instance (though 
the remark applies to others), Mr. Spen- 
cer was going to fly at the Crystal Palace 
in 1868; may I ask, with every apology for 
my abruptness, why he did not? 

Now let us consider the nature of the 
‘mud in which I have said we are stuck. 
| The cause of our stand-still, briefly stated, 
seems to be this: men do not consider the 
subject of “ aerostation ” or “aviation” to 
be a real science, but bring forward wild, 
impracticable, unmechanical, and unmath- 
ematical schemes, wasting the time of the 
Society, and causing us to be looked upon 
as a laughing stock by an incredulous and 
sceptical public. 
| ‘To explain what I mean I need only 

refer you to the last meeting, July 14, 
1869, when, after a very learned disserta- 
tion on the breaking strain of brass, a 
gentleman (Mr. R. Sheward), though I do 
not wish it to be understood that I am 
making an exclusive raid upon this gen- 
tleman, explained to us a machine caused 
to rise by the principle of exhaustion, and 
showed us the small steam-engine and ex- 
hauster neatly stowed away in a kind of 
small boat. Now had this gentleman cal- 


culated (or got some one else to do it for 
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him) the power required to diminish the 
air above his machine sufficiently to allow 
of only a very moderate speed, he would 
for obvious reasons have found it enor- 
mous; indeed, I doubt if his engine would 
even find standing room on his aeroplane. 
I have made a rough calculation of the 
probable power required (the plane being 
60 ft. by 40 ft.), and find it would be at a 
very moderate computation from 200 to 
300-horse power. 

Now, we ought and must try to avoid 
these flights of fancy (which seem to be 
the only methods of flying understood by 
many) and deal with the solid and 
tangible facts at our disposal, which facts 
can be greatly amplified by more careful, 
mathematical, scientific, and practical in- 
vestigation and research than has hither- 
to been made into the method of flight 
adopted by birds, the bat, and insects, the 
power they respectively employ, and the 
sustaining surface they severally have in 
proportion to their weight, together with, 
if possible, their speeds. We shall then, 
knowing more thoroughly the conditions 
and requisites of flight, be in a position 
the better to contend with those dif- 
ficulties which have hitherto been our 
conquerors. But while pursuing what I 
have, perhaps, erroneously called the 
theory of flight, let us not forget that arti- 
ficial flight is more a practical question 
than a theoretical one, and as such must 
be practically and experimentally studied 
by practical and experimental men. 

The questions I asked of you, and the 
inquiries I made a sentence or two back, 
will, I think, bear far more study than 
has at present been bestowed upon them, 
though I am aware that they have been 
to a limited extent answered before, M. 
de Lucy having been the chief contrib- 
utor. The facts deducible from these 
somewhat crude answers amount to this, 
that we have no doubt whatever that man 
can be made a flying animal, no doubt 
that he will eventually perch on Stafford 
House, but that there are some rather 
awkward, though only practical difficul- 
ties in the manufacture of the requisite 
apparatus. Few will, I think, in the 
present day (no one here I hope) venture 
to dispute that man, the lord of creation, 
is capable of flying ; such doubt would be 
little short of a reproach on his Maker ; 
he can walk upstairs, though in so doing 
he uses his power in a most wasteful and 





unmechanical way, and surely he can 
mount upon air, which, properly manipu- 
lated, is as solid as any stair ; he must, 
however, first remove another great 
stumbling-block. 

Man has at present, owing to his ignor- 
ance and clumsiness, no means of safely 
getting up the initial velocity necessary 
to render the air a solid support (I am 
here supposing that he has surmounted 
the slight difficulty I spoke of relative to 
making his wings). To obtain this velo- 
city he can of course insure his life and 
start from some eminence ; but this is 
considered by many to be an “ eminently” 
dangerous experiment. Perhaps it is ; I 
think it so myself, and I will, therefore, 
with your kind permission, before I con- 
clude, briefly lay before you an unde- 
veloped idea of mine, having in view the 
reduction of this danger, which, though 
rough, is one which perhaps may assist, 
in however limited a degree, the object for 
which we have met. 

A word here in passing. No one has 
yet succeeded in flying any distance, and 
for this sole and simple reason, no one 
has yet constructed the necessary ap- 
paratus practically in accordance with the 
theories already advanced in the science. 
This is a broad statement to make, and 
one which will doubtless encounter a good 
deal of disapprobation and dissent; but I 
honestly believe it to be the truth, and 
my aim now is to endeavor to point out 
a safe and simple means of practically ex- 
perimenting on the requisites of flight. In 
Germany they teach swimming by sus- 
pending the learner from a rope ; in Eng- 
land we must teach flying in the same 
manner, and I propose turning our aspir- 
ing (soon perhaps perspiring) experi- 
menter into a rotatory pendulum, like the 
governor ball of a steam-engine. To 
make myself more intelligible, I will now 
proceed to explain my proposal. The rod 
of my rotatory pendulum is a rope, as 
long as can conveniently be obtained, a 
captive balloon even being used as the 
centre if requisite, and the bob or 
governor ball is represented by the ex- 
perimenter and his apparatus. In accor- 
dance with the idea expressed in an early 
part of this paper, I would at once fit out 
my man with the theoretical length of 
wing (open to discussion perhaps). Not 
minding the necessary weight, which 
should, however, be as little as possible, 
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a man, like a bird, should be able to | nor means to carry out such an under- 


spread his wings, as the experimenter 
will lift himself on his wings and not drag 
them after him. The wing is not a lever, 
or if it is, is one of a very doubtful order, 
having a fulerum for the whole of its 
length. He should, for various reasons, 
work them mainly with his legs, leaving 
his arms and hands free for guidance and 
balancing. They would be somewhat 
similar in construction to those described 
by Mr. Wenham in his exceedingly clever 
and able paper read at the first meeting 
of the Society, in 1866, which he then re- 
pudiated as utterly impracticable. The 
reason I propose at once trying what 
seems to be a proper length of wing is, 
that although I agree with Mr. Wenham 
that the slip of the screw renders it an 
undesirable sustaining power, I still think 
that superposed planes are in a measure 
liable to the same objection at low speeds 
as the screw, viz., that they, though prob- 
ably in a much less degree, use the same 
air more than once. 

These wings, which of course girder-like 
and bird-like would, if supported at the 
tips, be capable of sustaining the weight 
of the operator in the middle, would at 
their extremities be fitted with grooved 
wheels, which wheels by means of vanes 
on them would detach themselves from 
the apparatus immediately on the experi- 
menter cutting a line which hitherto had 
restrained them. An inclined plane, com- 
posed of two stretched ropes and placed 
tangentially to an average circle described 
by the pendulum, would serve to give the 
concern the requisite initial velocity, the 
wings being supported on the grooved 
wheels before spoken of. When the man 








taking as this entirely on my owr account, 
but I should be glad to co-operate with 
the council of this society in trying some 
such experiment or any modification of it, 
and would cheerfully offer my services and 
lend myself as the pendulum bob or chief 
victim. 

Another experiment, which seems to me 
well worthy of trial and investigation, is 
one with which you are all familiar, pro- 
posed by Mr. St. Martin and afterwards 
with modifications by Mr. Stewart Har- 
rison, which I will call the “ velocipede 
aerostatic apparatus.” The speed of the 
velocipede is, however, but small when re- 
garded as the initial speed of flight, and 
with a view of increasing this speed I 
venture to suggest an amendment. 

Some years ago—before the velocipede 
mania had existence—I tried many ex- 
periments with what I may term a species 
of wheel skates, the ‘wheels being of con- 
siderable diameter and having their centre 
somewhere about the region of the knee. 
The speed I managed without any fatigue 
to attain was something tremendous 
and almost incredible, but the bruises 
and falls I managed to sustain were 
equally taemendous and almost incred- 
ible, and bodily fear at length led 
me to discontinue the trials. It occur- 
red to me last week that this ap- 
paratus, in conjunction with wings, might 
prove tolerably safe, while it would supply 
the speed asked for byso many. To such, 
or any interested in this kind of research 
into flight, I shall be happy to afford any 
further information they may require. 

Let us do something, take some active 
steps, and not let another year roll by 


came to the end of this plane the pendu- | spent in dreamy speculation and unprofi- 
lum line would come into action, and, in| table theorizing. The prayer of Ajax 
the event of his coming to grief, would | should be ours—light, more light. Expe- 
catch him ; but if it proved successful he | riment would clear away many imaginary 
could soar round and round without the | obstacles. In nearly every great discovery 
slightest fear of danger. This experiment, | difficulties have been thought to exist 
and of course it would be nothing but an} which practice has dissolved as the sun a 
experiment, could be carried out without | morning mist. Locomotives were con- 
the aid of the inclined plane, but I am in- | structed with clog wheels to gear into 
clined to think it would be more satisfac-| racks till practice proved that smooth 
tory with it. I cannot forbear conjectu-| tyres and rails met all requirements, and 
ring thatif such an experiment as this did | then how easy all calculations on adhe- 
prove a failure (as it doubtless would the | sive force and friction became. _ It will, I 
first time of trial) we should still have | trust, be found to be so with flight ; the 
learnt far more from it in a day than we | dust of power and weight is at the pres- 
could by talking here for a month. I} ent moment thrown in our eyes, which I 
have neither the time, place, inclination, ' believe the water-cart of practice would 
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easily lay. Let us in our experiments 
bear in mind Solomon’s description of the 
inventor, “I Wisdom dwell with Prudence 
and find out knowledge of witty inven- 
tions.” May these twin attributes of 
the successful discoverer, Wisdom and 
Prudence, ever pervade our meetings here, 


and take up their abode with our indivi-— 


dual researches at home. 

I do not invite or even wish for discus- 
sion on this paper, it is simply unworthy 
of it, as I have merely tried to show you 
how little we know on the subject of flight, 
being well assured that the first and most 


| important step towards knowledge is a 
| thorough conviction of ignorance. In 
conclusion, you will allow me to assure 
you all that I shall be well satisfied if the 
display of my ignorance will lead and en- 
courage you to exhibit your knowledge 
; and help to provoke inquiry into and to 
develop, in however smell a degree, the 
theory, and more particularly the prac- 
tice, of so important but hitherto so un- 
attainable a subject as the science of 
flight—not the science of artificial flight 
only, but the science of natural although 
manual flight. 








ON THE MOTION OF WATER IN RIVERS AND CANALS. 


By ALBERT HILL, C. E. 


I. Average Velocities. 

Water moves either in natural or arti- 
ficial channels. In the first case it forms 
rivers, brooks, etc. ; in the second, canals, 
ditches, etc. 

The bottom and side-slopes of the chan- 
nel constitute what is termed the bed. A 
plane which is vertical to the direction of 
the current gives by its intersection with 
the bed, the cross-section, the area of which 
we shall designate in these pages by a. 
That part of the cross-section which is in 
contact with the water is called the water- 
perimeter, and will be designated by p. 
Any vertical plane in the direction of the 
current gives the profile of the bed. 

The cause of the motion of water in its 


bed is simply gravity, inasmuch as the 
' bottom is an inclined plane. By fall we 
understand the perpendicular distance of 
any two points of the profile. 

Between the fall h, the distance J, to 
which this fall corresponds, and the angle 
|S which the bottom or the surface forms 
| with a horizontal line, there exists the 
relation 

sin d= — 

The velocity of the current is different 
in different points of the same cross-sec- 
tion ; it is greatest in the point farthest 
from both bottom and side-slopes, and 
decreases with the distance from these. 

By average or mean-velocity is meant 








that uniform velocity which the current 
is supposed to have in every part of the 
cross-section in order to discharge the 
same quantity of water as is actually dis- 
charged with different velocities. 

Let Q be the quantity of water dis- 
charged in one second through a certain 
cross-section, c the average velocity of the 
current, then we have the equation 


Q=aec 





In order to ascertain the average ve- 
locity of a cross-section, the following 
method is resorted to : 

On the line c d of the surface several 
points, 1, 2, 3, 4, are taken at a certain 
distance from one another. 

From these points perpendicular lines 
| are supposed to be drawn to the bottom, 
and then the areas @,, 45, 3, 44, a5, of 
these parts of the cross-section, thus 
formed, calculated. 
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Three different velocities v,, v,, v, (at | Q of the ball under water, and the thrust 
the top, middle, and bottom), in the |P—da v? (since this latter increases uni- 
same perpendicular are then ascertained, | formly with the square of the velocity and 
added together, and their sum divided by | the area of the section of the ball), is ob- 
the number of observations, for the aver- | tained a resultant force, the {direction of 
age velocity of that perpendicular, e. g., | which is imparted to the thread, and the 
the average velocity of the perpendicular | relation of its angle with the perpendicu- 
1a would be | lar is expressed by 

VU, +U2+v3 av? 
3 | tang. « “—— whence 
ee ee | Q 
of 2 ——_-—— oh, 
3 

Each of these average velocities is now | 
multiplied by the corresponding part of 
the cross-section, thus | 


Uitet ne Vy 4U2'403' 
a {- ,a Ee saa te ses. 
( ; ( ; ) etc. 


These products all added and their sum , . pies my/une. “ ' 
divided by the entire cross-section will |i? which m is again a coefficient found by 


give the average velocity of this latter. |experiments. This coefficient is constant 

Various instruments have been con- | for the same ball, and is best found by 
structed by which to ascertain the velocity | ™4™ersing the ball in water, the velocity 
of currents. The simplest of these are | of which is already known. Dividing 
the so-called “ swimmers,” hollow spheres | then by tang. « gives the constant m for 
of, tin, partly filled with shot to secure #1 other experiments with the same 


their immersion, and varnished with some | Strument. , 
bright color to render their motion more | ,, The numerous experiments made by 


easily observable. The velocity of the different engineers have not as yet result- 
current is found by dividing the distance | ¢4 in the establishment of a general law 
I by the time ¢ which it takes the swim- for the different velocities in the different 
mer to pass over this distance; hence | points of across-section. Egtelwein and 
; | others believe themselves to be correct in 
u=T, jasserting that the velocity in the same 
vertical decreases from the surface with 
To ascertain the velocity in different the depth in an arithmetical progression. 
depths, two swimmers are connected by| Let V be ‘he velocity, m the depth of 
a wire, one of which is so ballasted as to | the river in metres, v the velocity in a 
sink completely, the other sufficiently to | certain point, then would 
permit its being perceived just above the v = V (1--.025 m). 


surface. . . 
Let c represent the velocity of the up- ® result which the experiments of others 
do not verify. 


per swimmer alone, v the velocity of the | , 
two combined, then will «, the velocity of | Let C represent the maximum of ve- 


the lower swimmer be found from ‘the |/0city in the channel, c the average ve- 
equation locity of a cross-section, then we have 


ebe | nearly correct : 
t= 2 c = 0.84 C 

The river-quadrant which is employed for C within the limits .2 and 1.5 metres. 
to find the velocity of a current on the| For other values of © Prony proposes 
surface of the water consists of a gradu- | the formula : 
ated quadrant and a ball suspended in | em © 2378 + 0 
the centre by a thread. The specific | 3.158 ++ © 
gravity of the ball must be greater than | Baumgartner doesnot think this formula 
that of water. quite reliable for greater velocities on the 

The velocity is calculated from the | surface, and advises the multiplication of 
angle which the thread makes with the |the second member of that equation by 
perpendicular arm ; for from the weight | 0.8. ‘ 


Q = 
>= oxo Y tang oe 


in which p» is a co-efficient found by ex- 
periments. 


3 - /& 
Making ™ = ,/ a we have 
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IL. Uniform motion of water in canals. 

If the average velocity c remains the 
same for agreater distance /, and if there- 
fore for this latter, the cross-section a re- 
main the same, then the water moves 
uniformly. The fall A is employed only 
to overcome the resistance in the bed, and 
we have 

h=p+ as + 2 »Whence 
a 
a 
in which p is a coefficient found by ex- 
periments, and p the water perimeter. 

According to Egtelwein and Buat 
# = 0.0081. Substituting this rule, and 
for g = 9.809 metres, we have for the 
metric system 


=492 fhy@ 
em eas /PX5 
The coefficient of resistance » is not 
quite constant, but decreases with a 
greater and increases with a less velocity. 
Weisbach makes 
seem, 


» = 0.007409 (+ 


fie 7h. 
C= —~X—X 
VY B l 


In the construction of canals the cross- 
section must be so chosen that the frac- 


P ‘ 
tion = becomes a minimum ; hence the 


perimeter must become for a given area a 
minimum, or the area for a given perime- 
ter a maximum. 

In canals the cross-section is usually a 
rectangle or a trapezoid, which being 
given, the water perimeter must become a 
minimum. 

Making the basis of the rectangle y, 
and the altitude x, then will 

(1) a=ayand 
(2) p=y + 240r 


a 
p= 7 22. 
Changing x into x + A a, where A « 


denotes a very small number, and develop- 
ing, we have 


_@ a L°2 
=i +2e+Az(2- 4) +aSF+... 


If this value of p’ is to increase now for 
any positive or negative value of A x, we 
must have 


a 
2- z? = % whence 


z= 4 Yza,and substituting this in eq. 
) y=Via, te. 





The altitude of the rectangle must be 
equal to one half its base, or the cross- 
section is to be half of a square the side 
of which is equal to } 7/2a. 

For a trapezoid in which the area a and 
the angle 8 of the side slope are given, we 
have 
2Qy+22. crs. B 


(3)a= «sin 8 and 


2 
in which y is equal to the lower base, and 
x to the length of the side slope. 


Expressing y in terms of x, equation (4) 
becomes 


Pp 


_. 
~ sin. B 
for p’ = « + A. * we have 
ee oe . een 
P=zsin. B + x (2—cos. 8) ++ Z «(2 — cos. B 
a "Ate 
x sin. B +4 an B 


And as condition for the minimum 


+ a (2 —cos. 6) and 


- whence 


2—cos. 8 = =—— 
ax? sin. B, 


om. /. ee 
V sin. 6 2—cos. B) 
and gus. 2Va Cl ae 8) 
+/ sin. B (2-cos. 8). 
Making the angle of the side slope 60° 
e=my=3 Va Vi 

III. Unequal motion of water in rivers. 

When the average velocities in the 
different cross-sections are unequal the 
motion of the water will not be uniform. 

In this case we suppose a certain dis- 
tance of the river to be divided into 
smaller parts, for each of which the area 
a of the cross-section, the perimeter p, 
and the velocity v, may be considered con- 
stant. 

Let v be the velocity at the beginning 
of such a part, v, the same at its end, / 
the length of the part, A the fall, corre- 
sponding to /, then will 
vo? . ppl 
ag a 

vo?—v,? , ppl? 

zg zag 

Designating by a, the first, and by a, the 
second cross-section of the distance, / then 
is 


a vt 
A+ i Xam whence 


Q)rh= 


@, VU, = Ag Ve = OV; whence 
ay 
v7, = vD 
1 a, 2 





a tie eee a eee ee es Oe ee Ok [id Oe fee oe ck 
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and substituting this value in eq. (1), we 


have ’ : 
? _ Ss a,\? pplv 
Gi=>5- [2 -(2) > 3 
The correctness of this formula which 
is used for the motion fof water in rivers 
increases with the decrease of l. 
Introducing in eq. (2) the quantity Q 
of the water discharged, instead of the 


responds to m,— mg. 
( . 
2q \a,?_a,* 


This gives for that value of / which cor- 
M,— Mz— Q* 
'=— sep. @ 
a (@g+a,)% “2g 





— sin. 6. 


Ifa,—=m,l; anda, =m, 1; i.e. the 
width of the river being constant, we 


velocities, we have since have 


Q: 


ag’ 


Q = v, G, = Ve Ag = VE _m,* —m,* 


Maia Vighkh (myg+m,)°* 
/1 1 
VY a,? ~ ay? T 
Making in this last formula 
__ M2 + ay 


a 


M,— My— - . 
: ' m,?—m,? — 





h 


Substituting for Q its value 
Q=m, br, 


we have 


ptt met 
24 My* 
i= m,—m,. | — Snap 0! 


a 


—sin. 
l (mg + m,)* satis 
ne een. For small values of / we can suppose 
dg* a,* ° (dg+a,)3 an Supy 

Mz + m,=2m, 


9 


Designating the upper depth by m, the 
=2m:2, whence 


lower by m 9) the angle of the bottom by 
6, then is 


re D) 


i—s5 x mM, 
yp v,*?_ ' 
——— sin. d 


m, 0b 2y 


h=m,-—m,+Hlsin. 6, and 
Cpt_1,_selp 
2g ay” ) 


l= m—m, X 
m,—m, +1 sin. 6 = ; 





~a,?* (dgta,)* 





FILTRATION OF TOWN SEWAGE. 
From “ The Builder,’’ 


The new Royal Commission, appointed | or porous soil, as distinguished from the 
in 1868 to inquire into the best means of | view that some persons take of irrigation, 
preventing the pollution of rivers, took | which is, that the sewage is purified by 
up the subject where the former Commis- | running over the surface of the land in a 
sion had left it,—that is, after the Thames, | thin sheet, parting with some of its 
the Lea, and the Aire and Calder basins | manurial elements to the plants, and stor- 
had been reported upon, and have now | ing the remainder in the top soil for the 
issued their report on the Mersey and | use of the next crop, or rather for the 
Ribble basins. They come to the same | use ofthe crop first sown after re-ploughing 
conclusions as the former Commission did | the land ; whereas the present Commis- 
in respect of the irrigation ofland with town | sioners say that it is the filtration through 
sewage being the best means of prevent- | a sufficient thickness of sand or porous 
ing the pollution of rivers with it, as well soil that constitutes the efficiency of this 
as being the most profitable in application; | method of utilizing sewage; and that 
but they state the case in a different way therefore, its purification is insured by 
to that in which the former Commission | passing it through constructed filter-beds 
put it. They say that sewage may be | equally well as by passing it through the 
sufficiently purified to be allowed to flow | natural soil of the land. This they have 
into any river or other watercourse, from | ascertained by experiments with several 
which it is not intended to take water for | kinds of soil, with sand, and with sand 
domestic use, by jiltration through sand| mixed with coarsely powdered chalk. 
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The difference between filtration through 
constructed filter-beds and through the 
soil of the land is one not of efficiency of 
purification, but of the profitable applica- 
tion of the sewage, the former method 
being unremunerative, while the latter is 
remunerative. Butit is consolatogy to 
know that in places where land cannot be 
had for irrigation, the sewage may yet be 
sufficiently purified to be allowed to flow 
into rivers, although the value of the solid 
part of the sewage which is retained may 
not be of much value. The value of it 
will evidently depend on the quickness 
with which it can be extracted in respect 
of the length of the time elapsing from 
its entry into the sewers to its extraction 
at the outfall. Where the gradients are 
considerable, and the mean distance of 
the outfall from the town is not very great, 
it may be arrested in a fresh state ; and, 
mixed with street sweepings and other 
town refuse, may become of considerable 
value ; while, where the gradients are 
slight, and the outfall at a greater mean 
distance from the town, it may become so 
far decomposed in its transit as to be of 
no value as a manure. 

The Commissioners estimate that for a 
town where water-closets are in general 
use (therefore requiring a larger area than 
would be required where they are not so 
numerous), 5 acres of filtering surface, 
and a depth of material of 6 ft., are suffi- 
cient for a population of 10,000. Accord- 
ing to their experiments something of this 
depends on the nature of the soil or other 
material used for the filter-bed, the qua- 
lities of various soils for this purpose dif- 
fering ; for while soil procured from Durs- 
ley, in Gloucestershire, purified sewage at 
the rate of 9.9 gallons per cubic yard per 
day, soil from Hambrook, near Bristol, 
did not satisfactorily purify more than 4.4 
gallons per day per cubic yard. Again, 
soil from Beddington purified sewage of 
the same strength at the rate of 7.6 gal- 
lons per day, while that from Barking did 
not purify it at a greater rate than 3.8 
gallons, or peat from Leyland Moss, near 
Preston, ata greater rate than 4 gallons 
per day per cubic yard of material. 

Considering that “filtration” has al- 
ready often been employed to purify sew- 
age, and has always hitherto failed, it is 
rather startling to see it so confidently 
recommended, until we remember that 
both the methods of filtration that have 


failed for sewage also failed for water 
many years ago ; that is to say, the hori- 
zontal method and the upward method, 
while, as soon as the late Mr. James 
Simpson re-arranged the filter-beds of the 
Chelsea Waterworks at Thames Bank 
many years ago, and made the water to 
descend instead of ascend through the fil- 
tering medium, the question was then and 
thereafter settled as to whether water 
should be filtered upwards or downwards. 
Every engineer since that time—every 
engineer, that is to say, who has had the 
knowledge to perceive the difference be- 
tween a true and scientific and a false and 
empirical method, or who has had the 
honesty to acknowledge that he was not 
the inventor of the practice he has adopt- 
ed,—all these men have adopted the 
downward system of filtration of water. 
And so we find the Commissioners—or, 
| shall we rather say, Dr. Frankland, one of 
them ?—condemning the system of upward 
focwermer now in practice at Ealing, and 
| giving the reason why downward filtration 
|is so effective in purifying sewage. The 
| system at Ealing is to force the sewage 
| upwards through a filtering medium con- 

stantly, thereby effecting no proper puri- 
| fication at all ; but by making the sewage 
| to descend for six or twelve hours through 
| one bed, then shutting it off from that bed, 
or compartment, and turning it on to an- 
other for a like space of time, and so alter- 
nately, the descent of the sewage through 
the interstices of the material on either 
bed is followed by atmospheric air ; the 
air, that is to say, that occupied these in- 
terstices before the sewage began to de- 
scend and has been used up in oxidizing 
and transforming, and therefore purifying, 
the former quantum of sewage, is replen- 
ished after the descent of each quantum 
of sewage through each bed, and so by 
continual periodical renewals of the pro- 
per aération of the filtering medium, it 
becomes a constant purifier of the sewage ; 
for, although this method of filtration in 
the case of water has mostly been called 
a mechanical one only, yet, in the case of 
sewage filtration, the same method is said 
by the Commissioners to be both mechani- 
cal and chemical. 

In order that there should be no ambi- 
guity about what they recommend, and 
its attainment, they give a standard of im- 
purity beyond which they think the water 
| of sewage ought not to be admitted into 
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rivers or other watercourses. They sug- 
gest that the following liquids be deemed 
polluting and inadmissible into any 
stream :— 

“ Any liquid cohtaining, in suspension, 
more than 3 parts by weight of dry mine- 
ral matter, or 1 part by weight of dry or- 
ganic matter in 100,000 parts by weight 
of the liquid. 

“ Any liquid containing, in solution,more 
than 2 parts by weight of organic carbon, 
or .3 part by weight of organic nitrogen, 
in 100,000 parts by weight. 

“ Any liquid which shall exhibit by day- 
light a distinct color when a stratum of it, 
1 in. deep, is placed in a white porcelain 
or earthenware vessel.” 

So far the standard is applicable to any 
town. But the Commissioners, having 
before them the question primarily of the 
pollution of the rivers Mersey and Ribble, 
which traverse the manufacturing part of 
the county of Lancaster, found it neces- 
sary for that district to prohibit—sug- 
gest, rather, that they should be prohib- 
ited—many kinds of pollution peculiar 
to the manufactures of those parts, e.g. :— 


“ Any liquid which contains, in solution, | 


in 100,000 parts by weight, more than 2 
parts by weight of any metal except cal- 
cium, magnesium, potassium, and sodium. 

“ Any liquid which contains, whether in 
solution or suspension, in chemical combi- 
nation or otherwise, more than .05 part 
by weight of arsenic. 

“Any liquid which, after acidification 
with sulphuric acid, contains, in 100,000 
parts by weight, more than 1 part by 
weight of free chlorine. 

“ Any liquid which contains, in 100,000 
parts by weight, more than 1 part by 
weight of sulphur, in the condition either 
of sulphuretted hydrogen or of a soluble 
sulphuret. 

“Any liquid possessing an acidity greater 
than that which is produced by adding 2 
parts by weight of real muriatic acid to 
1,000 parts by weight of distilled water. 

“Any liquid possessing an alkalinity 
greater than that produced by adding one 
part by weight of dry caustic soda to 
1,000 parts by weight of distilled water.” 

The opinion of the former Commission 
was that sewage could not be filtered. 
“As applied to sewage, disinfectants do 
not disinfect, and filter-beds do not filter,” 
they said. Sewage applied constantly to 
a filter-bed on the upward system does 


not purify sewage continually, certainly ; 
and if that was the system meant-to be 
understood, the former Commission were 
clearly right in their statement, but on the 
downward system the case is different. 
Any one who remembers the condition of 
the Thames when the Lambeth Company 
took their water from a point of the river 
near Hungerford Bridge, and when the 
Chelsea Company took their supply from 
Thames Bank, may well compare the water 
then taken from the river for the supply 
of a large part of London with the town 
sewage of to-day. The reports of the en- 
gineers were constantly that the water 
was “turbid;” but that word, as now used 
sometimes to define the condition of the 
Thames water, conveys no idea of the 
state of the water at that time. In com- 
| parison with the turbidity now sometimes 
said to exist, it might be called pea-soupy, 
| or sludgy, and yet this very foul water was 
passed through filter-beds on the banks of 
the river, after subsidence in reservoirs, 
and transformed into the brightest and 
most pellucid water, as drawn from the 
filtered water well. No doubt the surface 
of the filter-beds often required cleaning; 





| the mud deposited soon stopped up the 


pores of the sand so that no more water 
would pass, and this necessity of frequent 
shutting off and turning on of the water 
may have been the cause, as illustrated by 
the view the present Commission take of 
the subject, why these filter-beds were so 
perfect in action under such difficult cir- 
| cumstances; the air filling the interstices 

of the filtering medium—sand and gravel 
| —after the mud was scraped from the 
| surface of the sand, was replenished at 
short intervals, and so kept the filter-bed 
| continually perfect. 

Manchester being within the water-shed 
|of the river basin inquired into by the 
| Commission, it became necessary for them 
| to institute an inquiry into the merits of 
the privy and ash-pit system, as against 
| the water-closet system, especially as that 
| city is the great stronghold of this first- 
“named system. 

Agreeing with every other impartial in- 
quiry into this subject, the present Com- 
mission condemn it. They illustrate the 

| case in a remarkable way. They suppose 
| all dwelling-houses, warehouses, etc., to be 
removed, and only the privies left—nearly 
60,000 of them in Manchester and Salford 
—rows and streets, and crowds of them— 
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scattered about almost as thickly in places | injured to determine who above them has 
as the heaps of manure upon a field that | caused the injury? If all are complained 


has just received a dressing from the dung 
cart—each heap here, however, no mere 
barrow-load once a year, but a constant 
collection and continual soakage of filth, 
which has for years been polluting every 
corner to which air or water could have 
access. Is this the site on which to build a 
healthy town? Would it not be the first 
desire of every sensible man to sweep this 
filth away, to drain and aérate, and, if 
possible, to sweeten this land before a sin- 
gle dwelling-house should be built ? 

On the great question of establishing a 
River Conservancy Board, the present 
Commissioners agree with the recommen- 
dations of the former Commission, to the 
effect that it is highly desirable that such 
a Board should be established for every 
river basin ; but on the secondary ques- 
tion of how and of whom it should be con- 
stituted, the chairman, Sir W. Denison, 
does not agree with his colleagues, Dr. 
Frankland and Mr. John Chalmers Mor- 
ton, and on that subject they give sepa- 
rate reports. The chairman advises a pa- 
rochial system ; that the officers of such 
parishes as the stream flows through 
should be the persons responsible for the 
state of the river flowing through their 
respective districts, but, anticipating abuse 
of the powers placed in their hands, he 
recommends that they be made sufficient- 





against, who shall determine the degree 
in which each has contributed to the pol- 
lution of the river ? 

Dr. Frankland and Mr. Morton recom- 
mend that, inasmuch as there exist at 
present no local bodies competent to deal 
with questions connected with efficient 
river conservancy, capable of detecting 
pollutions and enforcing remedies, it will 
be necessary to call into action an author- 
ity possessing greater capacities and pow- 
ers than those of the existing corporate 
bodies or local boards: The duties of 
this authority would be of two distinct 
kinds: the one would be those of a river 
police, employed in the detection of offen- 
ces, and in obtaining the conviction of 
offenders; the other would include 
the investigation of and decision upon 
various works connected with rivers, pro- 
posed by either towns or individuals, such 
as schemes for water supply and for the 
defecation, filtration, or utilization of 
sewage and other poliuting matters, while 
local boards could obtain information on 
these points only capable of investigating 
them. Nevertheless, under the second 
division of the duties of the central autho- 
rity, the co-operation of the local corpor- 
ations would be required for the efficient 
discharge of them. Indeed, if guided 
and assisted by a properly qualified cen- 


ly responsible to the general government | tral court, the present local boards would 
to enable the latter to check or prevent | be quite competent to meet all local diffi- 
any such abuse, or to notice and reprove,| culties and to supply all local wants. A 
and even to punish all negligence or un-| central authority would not extinguish the 
fairness in the mode of action of the for-| corporations and local boards at present 
mer. ‘The initiation of action is to be the | existing in the river basins. It would, 





complaint of neighbor against the conduct | the Commi: s oners believe, materially pro- 
of neighbor. mote the energy of local action by remov- 
Let us take a supposititious case, and | ing the obstacles which at present hamper 
inquire how this would be likely to work | it, and by giving a prompt decision to the 
in practice. Suppose two of the upper- | questions which it has to solve. 
most mills or towns on a stream to use 
the water that comes to them with satis- 
faction to themselves, but that one or both A RETURN has just been published show- 
of them foul it so as to be unsatisfactory ing the quantity of guano used in 
to the third person or town, the one below | Austria, in each year from 1861 to 1869. 
them. Of whom is the third party to; In 1861 it was 12,819 ewt. ; in 1862, 13,- 
complain? And, of course, the ifficalty | 370 cwt. ; in 1863, 18,650 cwt. ; in 1864, 
is increased if three or more parties are | 35,264 ewt. ; in 1865, 45,264 ewt. ; in 1866 
satisfied, and the fourth or fifth complains. ; (the year of the war with Prussia), 23,846 
The boundary of the district over which | ewt.; in 1867, 63,446 cwt.; in 1868, 67,- 
each parochial Board is to have jurisdic-| 684 cwt.; in 1869, 106,514 cwt. The 
tion being conterminous with that of the above figures include the guano used in 
parish, how are the officers of the parish Hungary. 
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THE JAPANESE RAILWAYS. 


From ‘‘The Railway News.”’ 


We bow our head “ one hundred times 
with profound respect” to Tanishokei 
Menamoto no Marasada. A _ century 


hence, when Yokohama produces its | 


Samuel Smiles to record the history of 
the men who have done good service to 
their country, he will assuredly give a 
very high position to the gentleman whose 
name we have given above, and who is the 
author of an essay on the “ Introduction 
of Railways and Telegraphs into Japan,” 
and of petitions in favor of the same. 
Marasada is no ordinary man. He has 
taken up the question of railways and 
telegraphs after mature and careful delib- 
eration. He is evidently a close observer 
and an able reasoner. 


as he states in his petition, “represented 
his humble views respecting the removal 
‘from circulation of the debased currency ;” 
and it is possible that upon this matter he 
may have arrived at conclusions some- 
what more sound than those put forward 
by our own Chancellor of the Exchequer for 


sweating the British sovereign. Marasada 
has, he tells us, also “ occupied his private 
leisure in studying the constitutions of 
foreign countries, and here, too, he is 
profoundly ashamed.” He has formed 
opinions which he is prepared to stand by 
at all risks. ‘‘ Your servant,” he says, “is 
willing to undergo beheading or boiling 
alive for his opinions. Those who do not 
know how stupidly honest he is, say that 
he is carried away by a love of what is 
new and strange.” Men of progress 
nearer our own country have been sub- 
jected to precisely the same imputation. 
Hear, however, how the man of progress 
in Japan puts his enemies to the rout :— 

“It is his humble opinioh that the old 
exclusive spirit is still alive, and that the 
vicious habit of taking superficial views is 
not yet eradicated. Narrow views, such 
as might be held by a frog that lives in a 
well, are daily becoming more and more 
rife, and they not only find a vent in every- 
day conversation, but are boldly pro- 
claimed in high official quarters. These 
persons are an obstacle to the progress 
of civilization, and injure the wealth 
and power of our country. They 
do not know that in order to 
defend ourselves against the foreign 


He has already, | 


| barbarians, whom they so much detest, 
the wealth and power of Japan must be 
| the chief means. Such persons are really 
, anxious to return to the old state of things, 
when men lived in hollow trees and caves 
like beasts.” 

While anxious, however, to see great 
reforms carried out in his country, Mara- 
sada is at heart a good and sound conser- 
vative. Were he in this country he would 
be classed among the Liberal-Conserva- 
tives of our political party. “It is the 
prayer of your servant,” he writes, “ that 
the great principles of the Constitution 
may be maintained, that attention be not 
drawn off to petty advantages or shallow 
sentimentalities, but that, regardless of 
the remonstrances of such men, a decisive 
order for the introduction of railways be 
given. Then the people of Japan will 
have placed before their eyes the advan- 
tage of this invention, and the proverb 
that ‘to see once is better than to hear a 
hundred times’ will be exemplified. When. 
the railway has been constructed ma- 
chinery of all kinds can be introduced, 
commencing with appliances for the cul- 
tivation of the mulberry tree, the silk cul- 
ture, weaving, and for cleaning rice. Thus 
will a great stimulus be given to produc- 
| tion, and foreign gold and silver made to 
flow towards Japan. If, under present 
circumstances, the railway project should 
i fall to the ground, from a dislike to the 
trouble of carrying it into execution, your 
servant fears that the results to the 
empire will be calamitous.” Well argued, 
Marasada! and your opinions have all the 
more weight, seeing that they are those 
expressed by one of the old Court nobles 
of Kioto, from whom, as from the old- 
fashioned Tories of our own country, such 
sentiments were by no means to be 
expected. 

The opinions of Marasada are also 
shared by some other members of the 
Japanese Government, and a paper just 
presented to Parliament on affairs in 
Japan gives us “An Essay on the Intro- 
duction of Railways and Telegraphs into 
Japan,” and a “Proposition for the Crea- 
tion of a source of Wealth for the Pro- 
motion of the Imperial Felicity, and the 
Establishment of an Unlimited and Ever- 
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lasting Benefit to the Nation.” The | 


ways points out that, if made, places now 


author of this essay complains that “the | at a distance would 


energy of the people is on the decline, 
the national debt is on the increase, and 
the voice of the poor in their misery fills 
the streets; the people of the towns 
through which the high road runs are 
poor and suffering in their unmitigated 
misery. Their old parents are neglected, 
and mothers cannot marry their daugh- 
ters.” As a remedy for this state of 
things, railways and telegraphs are sug- 
gested, and those who object to the intro- 
duction of such new-fangled things, on 
the ground that they would only “ aston- 
ish our people’s eyes and frighten their 
ears,” are compared to persons of narrow 
views and small minds who “look at 
heaven through a hole in a small bam- 
boo.” 

“JT maintain,” writes the author, “ that 
the future of a country lies in its people, 
and the way to enrich the people is to en- 
courage the productions of industrial 
labor. In these efforts the economy of 
human labor is of paramount importance. 
This is only possible by the introduction 
of telegraphs and railways. Ifa proof for 
this assertion is wanted we need only look 
to the condition of those nations which 
we now call great and highly civilized, 
say England or France, and a hundred 
years ago, when they had not been able 
to overcome the disadvantages of an ex- 
clusive employment of human forces for 
labor of all kind. Since the introduction 
of railways and telegraphs into those 
countries a hundred other useful and 
profitable discoveries have been added, 
the distances of thousands of miles are 
now traversed by horses and wagons or 
boats in a moment. Government dis- 
patches its orders in all directions with 
celerity and promptness. Thus have the 
present wealth and power of those coun- 
tries been created.” 

In conclusion, writes this Oriental 
philosophical statesman :— 

“Let us hope that these objects may be 
obtained, and that they may become the 
source of our national prosperity, and 
promote the Imperial felicity. We may 
then say in truth that the basis of our in- 
dependence and liberty as a free nation 
was the introduction of telegraphs and 
railways.” 

A second minute on the advantages to 
be gained from the construction of rail- 





“Become neighbors, aud, as it were, 
one continuous street. Aged men, wo- 
men, and children would travel with ease, 
and trade would become more and more 
flourishing. In future, chair-bearers, 
horse-boys, boatmen, and innkeepers will 
reap the benefit of the increasing pros- 
perity, and they will be able to find some 
means of gaining a livelihood. For the 
present the execution of this great under- 
taking will afford employment to large 
numbers of the lower class in Yeddo and 
the vicinity, and give them the means of 
supporting themselves. This will natu- 
rally accustom them to the idea of a rail- 
road, and thus the way will be prepared 
for its future extension, as above proposed, 
to the other provinces.” 

A despatch from Sir H. Parkes to the 
Earl of Clarendon announces the success 
which has attended these endeavors to 
enlighten the Government on these sub- 
jects, by the authorization of the Japanese 
railways, the capital for which has already 
been provided in this country. In this 
despatch Sir H. Parkes says it is essential 
to the establishment of a vigorous and 
compact administration under the new 
constitutional system, and of equal im- 
portance to the interests of commerce and 
the industry of the people, that improved 
means of communication should be pro- 
vided. Japan, unlike China, does not 
possess navigable rivers; the rate of 
travelling averages only 20 miles a day, 
and provinces that are separated by 4.0 
er 500 miles are at nearly a month’s dis- 
tance from each other. ‘The two capitals 
of Yeddo and Kioto, though connected by 
the best line of road in the country, area 
fortnight’s distance apart, and the dif- 
ficulty of transporting rice often exposes 
one part of the country to scarcity and 
distress while another district may be 
wanting an outlet for its produce. At the 
close of last year Sir Harry was informed 
by the Government that they had resolved 
to construct a railway between Yeddo and 
Kioto. Their difficultyin making a com- 
mencement lay in the want of funds, and 
this was met by an offer on the part of 
Mr. H. N. Lay, formerly of China, and 
who was then visiting Japan, to lend the 
Government £1,000,000 sterling, on the 
security of the projected line of railway 
and the Customs revenues. This offer he 





2 £¢ FY FF" CUP eee 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 


127 





accepted, and Mr. Lay returned to Eng- 
land to raise the above sum, and to 
engage the necessary engineers for the 
work. ‘These are to be employed by the 
Japanese Government, under the direc- 
tion of Mr. Lay, who has the right of 
superintending the construction of the 
railway, though all the plans and details 
have to be approved by the Japanese 
Government. The measure was strenu- 
ously contested by the party opposed to 
progress, and also by those who were un- 
able to appreciate the advantages of the 
innovation; but the Government gave 
evidence that the question was fairly 
understood by its advocates, and Sir 
Harry now feels assured that the execu- 
tion of the scheme may be proceeded 
with, and that, as the chief engineer, Mr. 
Morel, has reached Japan, they intend 


that he shall at once commence to survey 
the line between Yeddo and Yokohama. 
In the same despatch it is mentioned that 
an experimental line of telegraph, con- 
structed by Mr. Brunton, is already work- 
ing between Yeddo and Yokohama. Many 
Japanese foretold failure. It was believed 
the wires would be constantly cut, and in 
the popular mind the enterprise was con- 
nected with necromancy and Christian 
propagandism. The only injury done, 
however, has been some hacking of the 
posts by two-sworded roughs; and the 
single wire is now found scarcely suf- 
ficient to meet the demand for the trans- 
mission of Japanese messages between 
Yeddo and Yokohama. Mr. Brunton 
is consequently engaged in putting 
up a similar lne between Hiogo and 
Osaka. 


VARIABLE EXPANSION GEAR FOR WINDING ENGINES. 


From “The Mining Journal.’’ 


An important invention, connected with 


the working of mines, is described in the 
French coal-trade paper, “La Houille.” 
It is generally admitted that the applica- 
tion of expansion gear to engines insures 
an important economy of fuel, yet hitherto 
winding engines have been worked with- 
out it. The many conditions to be satis- 


fied render it, indeed, difficult to apply, | 


and cause mine owners who use unsal- 
able debris for the raising of steam to hesi- 
tate before adopting it. But special cir- 
cumstances have now made its application 
unusually desirable—the want of boiler 
space consequent upon the daily increas- 
ing activity at the pits. Thus, obliged as 
they would be to buy new boilers, it has 
been deemed preferable to utilize to a 
greater degree the steam already at their 
disposal, by causing it to produce more 
useful work by using it expansively. This 
secures not only the advantage of dimin- 
ished consumption of fuel, but also ren- 
ders available part of the boilers, the num- 
ber of which had become insufficient. 
The question has been most successfully 
solved by Mr. Audemar, the engineer of 
the Blanzy mines. After having succes- 
sively tested and rejected fixed cut-offs, as 
well as several special arrangements pro- 
posed to him, Mr. Audemar hit upon a 


form which was first tried for six conse- 
ecutive months upon an engine of 250- 
horse power, and then, having succeeded 
perfectly, to six other engines oi similar 
power, which were previously worked 
without a cut-off, and which now work 
with the greatest regularity on the works 
| of the Blanzy Company. 

The conditions which experience had 
proved to be necessary were—to work the 
machine with the expansion gear, and to 
be enabled to suppress the action of the 
cut-off instantaneously, when desired ; to 
|render unnecessary the attention of the 
|engineer, who has already enough to at- 
| tend to ; not to increase the number of 
| levers he will have to work, nor the power 
/necessary to work them ; and to make 
| the cut-off variable, so as to adapt itself 
to the variations of resistance of the load 
to be raised. The apparatus consists of a 
double cam, one-half of which serves for 
the forward stroke, and the other half for 
the back stroke. Each portion of this 
cam has varied profiles, so as to give the 
various degrees of expansion, from the 
smallest to the greatest; and it is so dis- 
posed that the middle becomes the neutral 
point, like that of the Stephenson slide, and 
corresponds, like it, to no admission whilst 
the too extreme points give full open. 
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A valve on the Cornish system, placed 
before the ordinary distribution of the 
machine, is used to produce the expansion 
of the steam. This valve is putin motion 
by the cam, the rotation of which is caused 
by the gearing on the shaft of the engine, 
and it opens and closes according as one 
or other part of the cam is for the time 
being in operation. If the Stephenson 
slide be at its neutral point, the cam would 
be in a similar position, and the two be- 
ing set in motion by the same lever, will 
at the same time occupy the extremes of 
their course. If, then, the engineer in- 
clines his reversing lever, the several pro- 
files of the cam being presented to the 
valve, produce a corresponding cut-off, 
which will become absolutely none if the 
lever be pushed full home. Thus, the 
mere inclination of the lever which the 
engineer already uses, suffices to produce 
the desired effect both for the forward and 
backward movement. 

An essential feature is that the objec- 
tions to the Stephenson slide when not 
at the extremities of its course are avoided. 
The connection of the slide with the cam 
is, in fact, made by intermediate sectors, 
so that the speed of the two parts is 
widely different. Thus the slide always 
occupies the end of its course, and gives 
the maximum opening to the ports, al- 
though the cam is sufficiently advanced 
to produce considerable expansion. The 
system, which appears to be free from 
complications, and which has been practi- 
cally applied, has enabled the Blanzy 
Company to dispense with the purchase 
of boilers, which had become indispensable, 
and to secure in addition a saving of fuel 
equal in some cases to 40 per cent. And 
they were enabled in one case of four 
boilers already over-worked to put one 
out, for the purpose of cleaning. These 
results are so remarkable that the general 
adoption of the invention is confidently 
anticipated ; and, as all the parts are 
ready made, the stoppage for a single day 
is sufficient to apply the arrangements to 
existing engines; and they, moreover, 
meet the approval of the workmen, be- 
cause they do not at all interfere with 
their existing habits. 





HERE are in the United States 48 manu- 
facturers of railway cars. Seventeen 
of these are in Pennsylvania. 





[" is proposed at present to construct 
just 134 miles of street railways in 
the metropolis, but Mr. Haywood remarks 
that if the experiment be successful, not 
only London, but all our large towns, and 
not only our towns, but many of our 
country roads, will be traversed by these 
lines ; that steam power will soon be sub- 
stituted, in all probability, for horse 
power; and that, “unpleasant as the 
notion may now seem to us,” we shall 
soon have engines dragging omnibuses 
along our streets. 





eo bells are attached to the points 

of the carriages on the Liverpool 
tramways to warn vehicles to get out of 
the way, which they are said to do very 
easily, even in the narrowest streets. The 
whole of the rails in the streets of Liver- 
pool were laid in the night time, under 
the superintendence of an officer of the 
corporation, and the traffic was not inter- 
rupted for a single hour. Could not this 
be done in London ? 





A Moscow journal states that the rail- 
way bridge lately erected over the 
Dnieper, near Kiew, is one of the greatest 
works of the kind in the world, and the 


longest in Europe. It consists of 12 
arches, and is 3,503 ft. in length. Capt. 
von Struve, who built it, has been pro- 
moted to the rank of colonel by the 
Emperor Alexander, on the recommenda- 
tion of the Minister of Public Works. 


T is estimated that, in round numbers, 
110,000 tons of steel rails, equal to 
1,100 miles of steel road, were laid in the 
United States up to the close of 1869. 
These rails are in use on more than 50 
roads, chiefly of English, partly of 
American, and some of Prussian manu- 
facture. 


urE silver, if highly heated in oxygen, 
will absorb 6.15 to 7.47 volumes of 
that gas, and under the same circum- 
stances will take up 0.907 to 0.938 vol- 
umes of hydrogen, 0.486 to 0.545 carbonic 
acid, and 0.15 carbonic oxide ; in this 
property it differs considerably from pal- 
ladium. 





~~ as - ff 2 2 ye Rp ee eee ee 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 





THE CONVEYANCE OF SEWAGE. 


From “The 


The best means, and those most efficient | 
in a sanitary point of view, by which to 
accomplish the removal of the sewage of 
large cities and towns, have not yet been 
decided upon in that definite and con- 
clusive manner which ought to character- 
ize all the arrangements connected with | 
matters of national importance. So far | 
as the metropolis is concerned the ques- 
tion is virtually settled ; but the different 
systems that prevail in Liverpool, Man- 
chester, Dublin, and other cities possess- | 
ing large populations, indicate unmistak- 
ably that great diversity of opinion exists 
on the subject. There is little doubt that, 
in many instances, the adherence to any 
one particular plan of operations is due 
solely to the circumstance that a town or 
district has committed itself to that plan, 
and prefers continuing to use it rather 
than submit to a troublesome and incon- 
venient change. This is by no means an 
uncommon thing in numerous other mat- 
ters with respect to municipal and local 
jurisdiction. Without entering into the 
details of the various methods proposed, 
patented, experimented upon, and reject- 
ed, it will be sufficient to class them as all 
included under one of two general princi- 
ples. The first is that which effects the 
removal of sewage by water carriage, that 
is, by sewers and drains ; and the second 
comprises all other means and agencies 
not comprehended in the former. Briefly, 
these two systems may be appropriately 
termed the water carriage and the non- 
water carriage systems. The fact that 
London stands committed to the water 


carriage principle does not necessarily 
imply that that is the better of the two, 
or that others possess no merits or advan- 


tages of their own. It is only after an 
impartial and deliberate investigation of 
the separate systems that a fair estimate 
can be made of their respective value. A 
large amount of interesting and, what is 
more to the point, reliable information on 
this subject has been obtained by the 
Rivers Pollution Commissioners, and 
placed before the public in their recent 
report. The candid and disinterested 
manner in which these gentlemen con- 
ducted their inquiry sufficiently proves 





that they had no other object in view save 
Vox. Ifl.—No. 2.—9 


Engineer.”’ 


the elucidation of the truth, and effecting 
a thorough and stringent investigation 
into every fact that had a proper and 
significant bearing upon the matter at 


| issue. 


It follows as a necessary consequence 
that wherever the water carriage system 
is in operation, the houses are supplied 
with closets, whereas in those instances 
in which another method of removing 
sewage prevails they are fitted with 
privies. What our own ideas, and those 
of the inhabitants of the metropolis, are 
with respect to the latter, would be truth- 
fully represented if we could imagine our 
feelings on the supposition that every 
water-closet in London was removed and 
replaced by a privy. Nevertheless, in 
many towns and rural districts the intro- 
duction of water-closets is opposed with 
the greatest vehemence and hostility. So 
strong was this feeling at one time in Man- 
chester, that when the corporation made 
an application to Parliament for the con- 
struction of water works, they asked for 
powers in their bill to enable them to levy 
one guinea per annum for every house 
subsequently provided with a water- 
closet. Whatever effect this might have had 
upon the superior classes of habitations, 
it would undoubtedly have totally pre- 
vented the introduction of the closet into 
those of an inferior description, where 
they are most needed. The argument 
most urgently and confidently put forward 
by the partisans of the non-water carriage 
system against the other is, that the latter 
directly pollutes and contaminates the 
natural watercourses of the country. It 
must be admitted that there is a great 
deal of truth in this assertion ; but at the 
same time it is no valid argument against 
the water carriage principle, because, 
although the pollution of rivers and 
streams is unfortunately but too frequent 
a concomitant and a result of that system, 
it is not necessarily so. Were this pollu- 
tion an inevitable consequence of the con- 
veyance and removal of sewage by water, 
then that method would stand condemned, 
not only in a sanitary, but in every other 
point of view. But in reality this objec- 
tion—which is specious even when ex- 
amined theoretically—will, before long, 
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practically cease to exist. It has ceased 
to exist in many localities where its influ- | 
ence was widely extended and pernicious 
to the last degree. Owing to the stringent 
measures adopted, however tardily and 
reluctantly, by the sanitary authorities, | 
some of our towns have adopted sewage | 
irrigation, and no longer convert the 
nearest watercourse, as heretofore, into a | 
wholesale receptacle for refuse of the most 
abominable description. If the report of | 
the commission, to which we have alluded, 
receive that attention and consideration | 
to which it is entitled in the cause of the 
public welfare, it will shortly be a penal 
offence to discharge sewage or refuse of 
any kind into any river or stream what- | 
ever. 

When we investigate a little further the | 
pros and cons of this question, it will be found 
that the opponents of the water carriage | 
plan claim a complete immunity for their | 
system from the evil which they allege | 
accompanies the other. A few facts col- | 
lected by the commissioners in evidence, | 
which we shall presently advert to, proves 
this counter assertion to be utterly untrue. 
Omitting the pollution caused by manufac- 
tories and industrial establishments, as 
for the moment foreign to the comparison, 
the streams in the neighborhood of towns 
where privies were used instead of water- 
closets, were shown by analysis to be 
nearly as much contaminated as those 
which flowed through towns where the 
latter were employed. Theoretically the 
privy system will stand a favorable exami- 
nation, but practically it proves wofully 
defective. If the cesspools were always 
water-tight, if they were at a proper dis- 
tance from human habitations, if their 
contents were always sufficiently dried by 
the ashes thrown upon them, and if they 
were properly attended to and emptied 
when they required it, then possibly the 
soil, the air, and the stream might escape 
pollution. But how does the agpal work- 
ing of the principle bear out’ these very 
partial and one-sided suppositions? As 
facts, proved incontestably before the 
commissioners, the cesspools are not 
water-tight, are not at a sufficient distance 
from human dwellings, their contents are 
not dried by the ashes added to them, 
and they are not properly attended to 
and cleaned out at regular periods. Con- 





sequently the soil, the air, and the natural | 
watercourses are polluted, the immunity 


from this evil assumed by the advocates 
of this method is devoid of foundation, 
and were we to inquire no deeper into the 


‘matter, there would be nothing to mark 
any relative superiority on either side. It 


would be to little purpose to mention a 
number of independent instances where 
the privy system is in full operation, and 
where, in order to abate the nuisance, it 
has been necessary to connect them with 
the town drains in order to get rid of their 
liquid contents. Let us select an example 
on a large scale, and one in which a very 
able and energetic local admiristration 
and strict police regulations prevail. Let 
us take the town of Manchester, where 
the management is very superior to that 
which prevails in places of inferior size 
and importance. In that town, among 
the poorer districts, the privies and ash- 
pits are in a chronic state of overflow and 
filthiness. Even in better parts of the 
town there are long rows of houses stand- 
ing back to back, separated by an interval 
of only about 30 ft. This narrow passage 
is divided by a still narrower lane, on 
each side of which are the privies, one to 
each house, or sometimes in pairs ; each 


_ pair having a common ash-pit. The empty- 
‘ing of these “middens,” which includes 
twenty or thirty at a time, is accomplished 
at night, the contents being wheeled along 
the whole length of the narrow middle 


passage. Is it to be imagined that this 
can be done without poisoning and con- 
taminating the air in the vicinity ; or does 
the corporation suppose that because it is 
effected when people are asleep, and they 
do not perceive the abominable smell, 
that it is, therefore, innoxious and inof- 
fensive? We may now allude to a cir- 
cumstance in connection with this system 
which exhibits it in all its deformity, and 
displays its most revolting aspect. The 
scavengers divide the contents of the ash- 
pit into wet and dry. The former is con- 
veyed, or rather imagined to be conveyed, 
to the manure depot ; the latter is carted 
away to any convenient plot of ground 
which requires to be filled up—in a word, 
“where rubbish may be shot.” To make 
this distinction between the wet and dry 
contents—or, under the circumstances, to 
attempt to make this distinction—is a 
practical absurdity, although there is 
little doubt that many would vigorously 
assert that itis made. These plots of land 
where rubbish may be shot, gradually be- 
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come filled up with this objectionable 
stuff ; houses are built upon them, and is 
it a wonder that “ typhoid fever, scarlatina, 
diarrhea, and other zymotic diseases 
commit fearful ravages amongst the popu- 
lations exposed to such pestiferous influ- 
ences?” If this sort of foundation has 
been in vogue from early times, Manches- 
ter may be correctly described as a “col- 
lection of houses erected upon human 
dunghills.” Not as an apology, but as a 
vindication of this forcible language, we 
quote the following brief paragraph from 
the report: “There is nowa ‘tip’ in a 
ravine at Colyhurst, on the north side of 
Manchester, where the land is thus being 
raised fifteen to twenty feet over many 
acres, by the gradual accumulation of 
filthy rubbish.” It may also be mentioned 
that the proof of what the rubbish con- 
sisted was readily arrived at by analyzing 
a sample of the water contained in a pool 
at the bottom of this tip, which fairly 
represented rain that had trickled through 
the disgusting mass. The average of two 
samples of this water contained in a 
hundred thousand parts 1976.95 parts of 
total solid matters in suspension, and was 


considerably richer in putrescible ingredi- 
ents than any water-closet sewage which 
ever came under the observation of the 


commissioners. This explains the reason 
why it is so difficult to sell the so-called 
manure which composes the other parts 
of the contents of the ash-pits. It is, in 
fact, worthless. 

Regarding the sewage question as con- 
sisting of two important features—the 
one the removal of the sewage from the 
vicinity of human dwellings, and the other 
its subsequent utilization —it must be 
admitted that the water carriage system 
effects the first in a manner that is impos- 
sible of achievement by any other means. 
There is no necessity of alluding to the 
superior cleanliness, and to the almost 
invisible agency by which this is accom- 
plished, which are in perfect consonance 
with English tastes and habits. On the 
other hand, the rival principle does not 
remove the sewage from the neighborhood 
of human habitations ; and, where it does 
accomplish this partially, it is by means 
that are highly offensive and injurious. 
With regard to the second part of the 
question, the non-water carriage method 
saves about four-fifths of the fecal matter 
of the population, mixes it up with a large 





quantity of ashes, and conveys it to the 
land at a much greater cost than it is 
worth. The water carriage plan carries the 
whole of the fecal matter away in a fresh 
condition, while that transported by the 
other plan is putrid. The argumentum ad 
hominem is usually regarded as an element 
of weakness in the party employing it. 
It is, however, sometimes singularly con- 
clusive, and, applying it to our present 
comparison, it might be fairly stated that 
no one who had tried the water carriage 
system would for a moment entertain the 
idea of returning to privies and cesspools. 
But the same opinion does not prevail on 
the other side. On the contrary, the 
majority of those who have been con- 
demned to endure the inconveniences 
and disadvantages attending the absence 
of water-closets would willingly adopt 
them, and place themselves under the 
same régime which makes London the 
best drained city in the world. 





pew analysis has been applied by 
Vogelsang and Geissler to the difficult 
question of determining the chemical 
nature of the fluid found inclosed, in mi- 
nute quantity, in the cavities of certain 
quartz-crystals. Fragments of - quartz, 
says the ‘Chemical News,” were placed 
in a small retort, which was connected 
with an air-pump and exhausted ; then, 
by the application of heat, the quartz de- 
crepitated, and the evolved vapor was ex- 
amined in a Geissler tube. The presence 
of carbonic acid was thus abundantly 
proved, and this was confirmed by the 
turbidity which it produced in lime water. 





HE French steamship company, Les 
Messageries Impériales, having to 
ship a quantity of ice to Suez, for the use 
of its steamers in the Indian Ocean, and 
desiring to find the best quality for their 
purpose, subjected 100 kilogrammes (220 
lbs.) of several kinds to the same condi- 
tions of temperature, with the following 
results :—(1) Natural ice from Switzer- 
land lasted 107 hours; (2) natural ice 
from Norway, 115 hours ; (3) artificial ice 
made by the Carré machine, 130 hours ; 
(4) natural ice from Boston, Mass., 138 
hours ; (5) artifical ice made by the Tel- 
lier machine, 144 hours. Artificial ice, 
then, appears to be as solid as natural ice. 
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MANUFACTURE OF IRON—ON PUDDLING. 


By MR. RICHARD LESTER.* 


From “‘ The Mining Journal.” 


From the earliest period of history iron- 
workers have existed. Tubal Cain is re- 
presented as the first instructor of the 
artificer in iron, but it has been worked 
upwards of 5,000 years, and from time to 
time has had the greatest amount of skill 
bestowed upon it; but with all this the 
constituent elements of iron are still un- 
known. Yet sufficient knowledge is at- 
tained to make iron in such quantities 
that, for really useful purposes, it may be 
fairly ranked as the king of metals. 
To enlarge upon its adaptation would be 
to deal with every domestic article, tools, 
implements, weapons of defence and of- 
fence, the iron rod, the stately ship, the 
domestic sewing-machine, or the fisher- 
man’s hook. I will not further expatiate 
on the purposes to which iron is applied, 
but will at once proceed with the methods 
for its manufacture. The earliest mode of 


making iron handed down to us was by 


long and constant refining in a bath of 
melted oxide, until it would stand the 
compression of the hammer. Iron in the 
malleable form was the production of the 
early artificers, but we have no account of 
erude cast metal from the ancients. Of 
late years iron manufacture has made 
giant strides ; the making of small quan- 
tities of malleable iron in the shallow 
hearth is superseded by colossal smelting 
furnaces, where the ores are reduced to 
the metallic state, combined with many 
impurities. The cast has to be wrought 
or puddled before it is what is termed 
malleable iron. 

In the years 1783 and 1784 Mr. Cort, of 
Gosport, invented certain methods of pud- 
dling, 2 process by which iron was really 
made in larger quantities, and his inven- 
tion proved of great value, both in his 
time and to the present generation, so 
much so that he is styled the father of 
iron works. Mr. Cort’s process was to 
puddle the crude iron in reverberatory 
furnaces, and on sand bottoms. By your 
permission I will read Mr. Cort’s process: 
—A common reverberatory-furnace, heat- 
ed by coal, is charged with about 24 ewt. 
of half-refined gray iron. In little more 
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than half an hour the metal will be found 
to be nearly melted. At this period the | 
flame is turned off, a little water is 
sprinkled over it, and a workman, by in- 
troducing an iron bar, or an instrument 
shaped like a hoe, through a hole in the 
side of the furnace, begins to stir the half- 
fluid mass, and divides it into small pieces. 
In the course of about 50 min. from the 
commencement of the process the iron 
will have been reduced by constant stir- 
ring to the consistence of small gravel, 
and will be considerably cooled. The ~ 
flame is again turned on, and the work- 
man continues to stir the metal, and in 
3 minutes time the whole mass becomes 
soft and semi-fluid, upon which the flame 
is again turned. The hottest part of the 
iron now begins to heave and swell, and 
emit a deep-blue lambent flame, which 
appearance is called fermentation ; the 
heaving motion and the accompanying 
flame soon spread over the whole, and 
the heat of the metal seems rather to be 
increased than diminished for the next 
quarter of an hour. After this period the 
temperature again falls, the blue flame is 
less vigorous, and in a little more than a 
quarter of an hour the metal is cooled to 
a dull red, and the jets of flame are rare 
and faint. During the whole of the pro- 
cess the stirring 1s continued, by which 
the iron is wrought to the consistence of 
sand ; it also approaches nearer to the 
malleable state, and, in consequence, ad- 
heres less to the tool with which it is being 
worked. During the next half-hour the 
flame is turned off and on several times, and 
a stronger fermentation takes place ; the 
lambent flame also becomes of a clearer 
and lighter blue, the metal begins to clot 
and become less fusible and more tena- 
cious than at first. Thefermentation then 
by degrees subsides, the emission of 
blue flame nearly ceases, the iron is 
gathered into lumps and beaten with a 
heavy-headed tool; finally the tool is with- 
drawn, and the aperture through which the 
iron was worked is closed, the flame again 
turned with full force for six or eight 
minutes; the pieces thus being brought to 
a high welding heat are withdrawn and 
shingled, etc. 
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Although the above process made good 
iron, it had avery good metal to start 
with, well cleared from many of the im- 
purities which we have to contend with 
now. But much of the iron was spoiled 
because of the inability of the workmen to 
regulate the action of the iron on the bot- 
tom of the furnace, it being formed of 
sand, which drained off the oxide, which 
was also detrimental to puddling. The 
next improvement on Mr. Cort’s process 
was the substitution of iron bottoms to the 
aoa g' furnaces ; and hereby the liquid 

ath of the oxide is retained by the iron, 
although the author of the iron bottom 
says it was the principal aim of his inven- 
tion to work the iron in a bath of cinder ; 
in fact, to boil it in a similar manner to 
the old process in charcoal fires. This 
part of the business was never carried out 
till Mr. Joseph Hall, of Bloomfield, Tip- 
ton, Staffordshire, brought it into practice. 
Mr. S. B. Rogers, who was the inventor of 
the iron bottom, never received much 
notice till his last years, when he received 
some gratuity from several of the Welsh 
ironmasters, but his work still stands, and 
to all appearances will be a lasting monu- 
ment of his usefulness, although named 
“Mr. Iron Bottom.” 

You will here see that puddling has ar- 
rived ai its presentcondition byslowstages, 
and improvements are being tried contin- 
ually; but the elementary principle of 
puddling must be embodied in any scheme 
for the manufacture of iron, if it isto be a 
success. This is the process I have to 
treat with to-day, and it is performed as 
follows : The furnace is the reverberatory 
principle, the hearth at the bottom about 
2 or 3 in. thick, and around, about 11 in. 
high, is coated with good oxides. When 
your furnace is hot enough to charge 
throw in your cinder or oxide which are 
found about your hammers or rolls ; next 
charge the iron on the top of the cinder, 
the aperture of the furnace is closed, and 
the flame is put on. The charge is then 
melted in about 30 min., but during the 
melting the workman, with his rabble, 
breaks up the metal as it softens, and 
keeps it off the bottom. When the iron 
is sufficiently clear the damper is closed, 
which cools the surface and checks the 
iron from becoming too hot, and sur- 
charges the furnace with carbonic oxide, 
which prevents the iron from throwing off 
its carbon till the whole mass of metal 


begins to heave and rise; the damper is 
withdrawn, and the flame put on ; the iron 
is in a state of effervescence or boiling, as it 
is termed, and the whole of the exertion 
of the workman is required here to keep 
the msss well open with the rabble, so 
that the carbon combined with the oxide 
may freely escape. The fire upon the 
grate must be kept solid, and the flame 
full in every part of the furnace, because 
any free air passing through the furnace 
attacks the iron as it begins to come into 
its mature state, as it is called. 

It is at this stage of the process that 
each granule of iron takes up a fresh exist- 
ence. The boiling of the iron must be 
forced as much as possible to its issue to 





|keep the iron from clotting before the 
|carbonic oxide is burned out. It is also 
at this point that the cinder, with all its 
impurities, leaves the iron; hence it is 
necessary to keep the iron up, so that it 
shall be well wrought, and free from all 
deleterious substances. If the iron is not 
well boiled it falls into a crude or raw state 
to the bottom of the furnace, and if this 
be the case it is all but impossible to make 
wrought-iron of it afterwards. The iron 
being dropped, it requires the furnace still 
to be kept full of flame of a hot clear 
nature, but suited to the temperature that 
the iron will stand. The iron is now 
turned over from one side of the furnace 
to the other till it is sufficiently heated all 
through to adhere together, when it is 
formed into lumps, and taken to the ham- 
mer, and shingled and rolled into pud- 
dled bar. At this point it should bestated 
that although heat, especially a high heat, 
such as Bessemer attained during his 
decarburization process, is of the highest 
value, yet it should be borne in mind that 
any separation which takes place after the 
boiling ceases is only undoing what is al- 
ready accomplished—the cementation of 
particle with particle by the combination 
of oxides. My opinion is this, that a 
chemical action has taken place before the 
iron is dropped, and this is where welding 
commences. That should never be dis- 
turbed, for all the carbon that is not re- 
quired in the iron ought to be burnt out 
before the iron is settled down. The fol- 
lowing is an analysis of the pig-iron pre- 
vious to and after the Bessemer process : 
—The pig 1.012 bar, after 1.102 ; 2d, pig 
1.090, after 1.960. 

For the further guidance of those who 
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take an interest in puddling, I have 
drawn up afew rules which must be at- 
tended to when quality is required :— 
1. Thoroughly melt your charge. 2. 
Keep it in the melted state some little 
time. 3. Add carbon by lowering the 
damper. 4. Keep the fire well up while 
the iron is boiling, and work well every 
_part of the charge, so as to bring about a 
thorough union of the iron and cinder. 
5. Lower your damper proportionately to 
the temper of your iron, ball up, and care- 
fully prevent the air or fire-oxygen from 
passing through the furnace, for it will 
burn the charge. Inattention to this is 
the great cause of badiron. And I now 
beg, in conclusion, to draw your attention 
to the analyses and tests of samples of 
puddled bar made from No. 4 Cleveland 
pig-iron, which have been brought about 
by adhering to the above whilst puddling. 
The hardest of the samples stood a strain 
of 38 tons to the square inch. B, the 
softer, stood 38.8 to the square inch. 
Now, as phosphorus is generally supposed 
to be the cause of the Cleveland pig not 
making a bar of ordinary strength, it was 
an anxious part of the business to know 
when it is taken out by the process 
of puddling, there being a suspicion 
that the mischief is done by the burning 
of the iron when it is dropped, rather 
than by the phosphorus. Besides, Dr. 
Percy says that the elimination of the 
ene of iron is a problem of the 

ighest practical importance, and that his 
opinion is that it comes away during the 
time the iron is sweating while being 
formed into lumps. It was necessary to 
try and find when it did escape. During 
the Bessemer process, which is similar to 
the boiling before mentioned in puddling, 
the analysis of the iron gives more phos- 
— than the original pig-iron, and 

is iron was taken out before it had a 
chance of sweating. After-boiling shows 
only slight traces of phosphorus. There- 
fore it must eliminate at some stage pre- 
vious, which must be during the melting. 
It must escape as phosphoric acid among 
the cinder, which is oxide. 

From the Darlington Iron Company, 
Albert-hill Iron Works, Darlington, to 
Mr. R. Lester, forge manager, etc., Messrs. 
Hopkins, Gilkes & Co. (Limited) :—“I 
got your sample bars to-day, but cannot 
think they are made from Cleveland iron 
only. I tested them very carefully at my 





leisure time, and find these extraordinary 
results to be from common stone. You 
will favor me with particulars, perhaps 
this next week. Test, etc., as below :— 

“No. 1 bar = .88” X .80” = .7040” ; 
broke at 25 tons; carried 24.5; = 34.8 
per sq. in. 

“No. 2 bar = .88 X .80” = .7040” ; 
broke at 25 tons; carried 24.5; = 348 
per sq. in. 

“ Reduced in section at breaking part to 
82.74" =. 6068". 

“ Yours truly, C. Tompson.” 

“Sample marked ‘A soft’—phosphorus, 
slight trace. Sample marked ‘B soft ’— 
phosphorus, trace. 

“ Hers. Crossuey.” 

After the reading of the paper, a very 
interesting and animated discussion took 
place upon the different processes which 
iron underwent during puddling, in which 
Mr. Hopkins and Mr. Hill, of the Tees 
Iron Works ; Mr. Thomas, of the Acklam 
Refinery ; and Mr. Platts, the secretary, 
took a prominent part. Mr. Hopkins 
thought it very desirable to continue the 
experiments that Mr. Lester had made 
with pure Cleveland iron, and he hoped 
that other firms in the district would also 
make experiments in the same direction, 
with a view of carrying out the objects of 
the Association—the practical discussion 
of such papers. Mr. Thomas moved the 
adjournment of the discussion until the 
next meeting. The Chairman proposed 
a vote of thanks to Mr. Lester for his in- 
teresting paper, and stated that on Satur- 
day next the session would close by an 
excursion to the Eston Mines. 





5 policy of harmonious working be- 

tween the Grand Trunk of Canada 
and the Great Western of Canada line 
has been advantageously established; the 
continuous decline of the American gold 
premium still further promises to benefit 
the position of the Company. During the 
current year improvements effected in the 
rolling stock are likely to increase the 
traffic, and the progress of construction of 
the intercolonial line is expected during 
the coming summer to lead also to new 
business. 





_ railway between Bombay and Cal- 
cutta has been opened for through 
traffic. 
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GUNS versus TURRETS. 


From “ The Engineer.” 


The policy pursued by successive Ad- 
miralty Boards in dealing with what is 
known as the turret question, has been so 
exceptional that it can hardly have failed 
to attract the attention of every one in- 
terested in the construction and armament 
of our own and other navies. For many 
years the British Government positively 
refused to use turrets in any shape or 
form, and it was only under a severe pres- 
sure of public opinion that Captain Coles 
was allowed, ultimately, to apply his in- 
ventions to the Royal Sovereign. This ship 
was, in a sense, a success, and the nation by 
degrees acquired possession of two or three 
other turret ships of small size, two of 
which, the Scorpion and the Wyvern, are 
anything rather than successful. At last 
the Captain was laid down, and Mr. Reed, 
apparently grown tired of designing and 
building broadside ships, gave us the 
Monarch, and proposes to give us the 
Devastation, etc. ; and it is by no means 


impossible that for some years to come all 


our new men-of-war will, in some shape or 
other, be fitted with turrets on which they 
can rely for the protection of their guns 
and crews. Far be it from us to reopen 
any question concerning the relative 
merits of the broadside and the turret; we 
have a very different object in view in 
penning this article. 

The tax-payers of England have never 
refused to place at the disposal of the 


Government for the time being large sums. 


of money to be used in carrying out ex- 
periments in gunnery, or the construction 
of shields, forts, oreven ships. At Shoe- 
buryness almost every conceivable form of 
target representing a portion of a ship’s 
side, or the wall of a fort, has been tested 
over and over again by every conceivable 
kind of gun, shot, shell, and powder. 
The lessons taught by these experiments 
are, beyond question, of enormous value. 
To them, indeed, we are mainly indebted 
for the possession of the best guns and 
the best armor-plated ships in the world. 
It is to be observed, too, that we have 
never adopted any invention of importance 
in guns or armor without first testing it 
elaborately, patiently, and for the most 
part fairly, with one exception, and that 
exception is the turret. Itis possible that 





some good reasons can be brought for- 
ward to prove that it was unnecessary to 
test turrets with the fire of heavy guns, 
though all the other forms which armor 
can assume have been fired at over and 
over again; but if such reasons exist, we 
confess we know nothing about them. 
How is it that no complete turret with its 
turning gear, etc., has been put up at 
Shoeburyness and fired at till it was de- 
stroyed? We may be told that the ex- 
periment would have been too costly. 
This can bardly be the reason, because 
enormous sums have been spent in the 
construction of casemates and shields 
without the least hesitation, and the price 
of a turret would have very slightly aug- 
mented the annual expenditure on experi- 
ments, provided the testing of a few 
shields had been postponed. Of course it 
is impossible to test everything at once, 
and we may be told that in a little time 
the testing of turrets will begin ; but we 
submit that the proper time to test them 
is before, not after, their extended adop- 
tion by the Admiralty. The moment it 
was decided that we should have turret 
ships it should also have been settled 
that shields and casemates should give 
way for the moment to the new scheme. 
Instead of this, however, we find that 
enormous sums have been and are about 
to be spent on a system, the suitability of 
which to its intended purpose has never 
been practically tested by the Govern- 
ment. If it be indispensable that shields, 
and sections of broadside ships, should 
be tested, surely it is cqually essential 
that turrets should be experimented upon. 
The chief constructor will not put a belt 
on one of his ships unless he knows from 
past experiment what that belt may be 
expected to do in maintaining, under fire, 
the efficiency of the ship on which it is 
bolted. But he has no hesitation in fit- 
ting a turret to the same ship, about which, 
turret experiment tells him nothing what- 
ever. It is nonsense to say that the belt 
is only tested because the testing does not 
cost much. If the test be required at all 
it should be carried out, whether it costs 
much or little. If it is only carried out 
because it costs little, then that little is so 
much money wasted. 
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Of course, the answer to our arguments 
is that there is so much in common be- 
tween a turret and a ship’s side that when 
we test the latter we really test the for- 
mer; and also that the turret system has 
been tested—first, at the time that Capt. 
Coles brought out his cupola; secondly, 
in actual warfare, in America and else- 
where, and again on board the Royal 
Sovereign, against one turret of which 
ship three rounds were fired from a 300 
Ib. rifled 12} ton gun, on the 15th of June, 
1866, since which date—that is to say,with- 
in the last four years—notwithstanding 
our rapid advance in the construction of 
guns, no shot has been fired within the 
shores of England at a turret. 

Now, in reply to these arguments, we 
submit, firstly, that although there is a 
great deal of resemblance between a sec- 
tion of a ship’s side and a section of a 
turret, there is also a great deal of dif- 
ference. A difference not nearly so great 
between 2 targets has, before now, secured 
the testing of each independently of the 
other. The argument cannot be pressed 


without charging the authorities with in- 
consistency, and we are disposed to think 


it never is pressed at all. The great point 
made by those who hold that the practi- 
cal testing of the turret system is unne- 
cessary is, that the Americans have tried 
the system fully, and that we have fired 
at the Royal Sovereign. If it could be 
shown that the results of those tests were 
conclusive, and in favor of the turret, we 
might rest content to admit that the no- 
test party had made out a very good case; 
but, in point of fact, the experience of the 


American War tells heavily against the | 


turret system. The light guns of the 
Confederates disabled turrets in all direc- 
tions. Mr. Eads, of the U. S. Navy, who 
was practically engaged in the construc- 
’ tion of monitors for years, has recently 
published a letter most damaging for the 
advocates of the system, the fullest corro- 
boration of which is furnished by official 
reports with which we are familiar. The 
experiment with the Royal Sovereign was 

recisely similar in character to that tried 

y Don Quixote with his helmet. The 
first shot went through the port, smash- 
ing the dummy gun to splinters. Had it 
been a shell instead of a shot every man 
in the turret would have been killed ; of 
course, if a real gun had been there in- 
stead of a “quaker,” the shot could not 


have got in; but then, how about the 
gun? Would it still have been service- 
able? Another shot glanced, as it was 
not well aimed, and the third lodged in 
the backing. Had itbeen a shell, it would 
have ripped a great piece out of the tur- 
ret. There is very little doubt that one 
300 Ib. shell fired subsequently, and strik- 
ing fair, would have left the turret use- 
less, but the shell was not fired. Every 
scrap of evidence available goes to show 
that the turret system, although possessing 
many admirable qualifications for war- 
fare, is very far from having given results 
so satisfactory that it may be accepted as 
a whole without further experiment. 
On certain points in particular, in- 
formation is required. If a _ shell 
struck a turret low down, and lodged 
in the backing, would it, or would 
it not, jam the turret by driving down- 
ward and outward a portion of its walls? 
If a 600 lb. shell passed through the 
breastwork with which Mr. Reed protects 
the bases of his turrets in the Devastation, 
etc., and exploded in the intervening 
space, what would be the result? How 
about the effect of shells dropped by 
vertical fire from rifled mortars into the 
same space? These questions are but a 
| few of many which may be asked, and to 
which no answer can be given except that 
American experience proves that the re- 
sults would be serious, if not disastrous, 
but that there is some ground for think- 
ing that, after all, not much harm would 
be done. We are the last to advocate 
useless expenditure, but we hold that a 
‘moderate sum of money should as soon as 
possible be devoted to the construction 
and testing of a turret embodying all 
the latest improvements. Even if it were 
decided to construct this turret of only 
one-half the full size, reducing the attack- 
ing powe. in the same proportion, a great 
deal might be learned, although the experi- 
ment would not be quite so satisfactory, 
for obvious reasons, as it would be if car- 
ried out with the best turret and the best 
gun that England can produce. 





HE Honduras Railroad is still progress- 

ing favorably, and it is believed that 
the section of road between Cortez and 
Santiago will be finished before the end 
of the year. 
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THE IRON AND STEEL INSTITUTE. 


From “Engineering.” 


Amongst the numerous scientific asso- 
ciations with which engineers are profes- 
sionally connected, the Iron and Steel In- 
stitute is one of the most recent origin. 
The short history of this society, how- 
ever, is one of considerable importance 
with regard to the general progress of in- 
dustry in this and in other countries, and 
there can be no doubt that the Iron and 
Steel Institute has, in the short period of 
its existence, succeeded in taking its place 
among the first and most powerful scien- 
tific bodies in the United Kingdom. This 
is due not only to the number of its mem- 
bers, and the influential position which 
the greater part of them occupy in all the 
different manufacturing localities of this 
country ; but also to the great amount of 
practical experience at the command of 
the Institution for investigating and dis- 
cussing questions of great practical im- 
portance, and to the enterprising spirit 
with which committees for scientific and 
statistical researches are appointed and 
endowed. All these, and many other 
minor points, are distinguishing features 
which cannot fail to produce the most im- 
portant and beneficial results upon the 
progress of iron metallurgy, and of all 
branches of industry and engineering, 
while by a necessary and just reaction 
they tend to raise the position and esti- 
mation of the Iron and Steel Institute in 
the eyes of the public. At the meeting 
which was held at the Westminster Pal- 
ace Hotel recently, a committee was ap- 
pointed to report upon the question of 
mechanical puddling ; while another com- 
mittee was intrusted with the task of re- 
porting upon the distribution of hematite 
iron ore in Great Britain. These inves- 
tigations of subjects of such vast impor- 
tance cannot fail to advance materially 
the position of the iron and steel trade 
in general, and the council of the Iron 
and Steel Institute deserves congratula- 
tions for having given the impulse to 
these investigations. 

The technical questions under discus- 
sion at the last meeting comprised a 
subject which at present stands very 
prominently before the minds of iron 
masters and mill managers, namely, the 
question of reversing rolls as compared 





with double sets of rolls or “roll before 
roll,” as this latter arrangement is gen- 
erally termed. This subject formed the 
main point of the discussion upon the 
paper on improved machinery for roll- 
ing rails, read by Mr. Menelaus, of Dow- 
lais. Reversing at high speed, say at 
more than 40 revolutions per minute, 
has for a long time been considered as 
an absolute impossibility by practical 
men. The momentum of the mass in 
motion, and particularly that of the 
heavy fly-wheel by which the construc- 
tors of rolling mills were accustomed to 
“get over” the insufficiency in direct 
steam power which they had provided 
for the work of the mill, were the well- 
known causes which actually rendered 
reversing at high speed impossible in 
past days. Mr. James Nasmyth, the 
well-known inventor of the steam ham- 
mer, made the first step in the direction 
which has been so successfully followed 
by Mr. Ramsbottom, of Crewe, and which 
resulted in the modern high speed re- 
versing mill. Mr. Nasmyth removed the 
fly-wheel and suggested the reversing of 
the engine by means of the link motion. 
This idea, supplemented by Mr. Rams- 
bottom’s ingenious reversing gear, pro- 
duced what is now one of -the best and 
most successful types of rolling mills in 
existence. Messrs. Tannett & Walker 
tried to arrive at a similar result by a 
reversing gear in which the transmission 
of power is effected by a friction clutch, 
which can be reversed with great facility 
and without causing any sensible shock, 
by means of a simple steam or hydraulic 
piston. The advantages and disadvan- 
tages of these reversing rolling mills, 
form a subject upon which opinions 
justly differ. The fact that the momen- 
tum of the large masses must be de- 
stroyed or overcome each time the machine 
is reversed, is a disadvantage which can- 
not be denied nor altered, however gently 
this absorption may take place, and how- 
ever carefully all sudden jerks and con- 
cussions may finally be avoided. Revers- 
ing, therefore, undoubtedly means loss of 
power. On the other hand, the reversing 
rolling mill, when compared with the or- 
dinary two-roller mill, saves nearly one- 
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half of the time in rolling forward and 
backward when compared with the “ three 
roll mill,” or with the well-known Dowlais 
mill, invented by Mr. Menelaus about 
12 years ago. The reversing rolling mill 
saves a considerable outlay for additional 
rolls, or, what is still worse, additional 
length of rolls, and it also avoids the ne- 
cessity of raising and lowering the end of 
the bar by the height of the diameter of 
the rolls after each passage through the 
rolls. A new form of rolling mill by Mr. 
Brown, was exhibited at the meeting by a 
model, this mill consisting of a double 
pair of rolls driven in opposite directions, 
and in which the working grooves of each 
pair of rolls are placed opposite to blanks 
or large recesses in the other pair of rolls. 


This mill has the drawback as compared. 


with the Dowlais mill, which it most re- 
sembles, that it requires additional length 
of rolls to allow for the blank spaces or 
grooves. Compared with the mill “ three 
rolls high,” it offers decided advantages, 
and compared with the reversing rolling 
mill it presents the advantage of having 
a continuous movement in all its parts. 
From all the evidence brought to light by 
the discussion it appears that the revers- 
sing rolling mill, without fly-wheel, and 
provided with a pair of horizontal cylin- 
ders reversing by the link motion, is 
the type of mill most in favor in our 
modern iron and steel works, and most 
likely to become the standard type of 
rolling mill for the future. 

The question of blast furnace economy 
under the form of a discussion on the 
Siemens-Cowper stove, as modified and 
constructed by Messrs. Whitwell, again 
occupied the principal part of the time 
and attention of the Iron and Steel Insti- 
tute. With regard to this question, Mr. 
Lowthian Bell has taken a prominent pos- 
ition before the scientific world by the ex- 
tensive experimental researches of which 
he has recently given the results to the 
public, and upon which he has based the 
opinion that the limits of blast furnace 
economy derivable from the two causes, 
viz., capacity or height of furnace and 
high temperature of blast, have not only 
been reached, but actually exceeded in the 
Cleveland district, and that no material 
economy can be expected from further 
increments of these elements. This view 
is supported by many practical men 
in the Cleveland district, and in other 





parts of the country, while many other 
authorities dissent from Mr. Bell’s views. 
The most energetic and zealous opponent 
of Mr. Bell’s doctrines is Mr. Cochrane, 
who has tried to establish, by the expe- 
rience of actual work, the benefits deriv- 
able by heating the blast and increasing 
the capacity of the furnace beyond the 
limits indicated by Mr. Bell. Mr. Coch- 
rane shows, from actual experience, that 
he has effected a large saving in coke di- 
rectly, and immediately upon increasing 
the temperature of the blast from 1000° 
to 1400°, and without changing any other 
condition of the work. Unfortunately for 
his cause, however, it appears that the 
furnaces upon which these experiments 
had been tried did not formerly work as 
economically as other furnaces in the 
Cleveland district, and that after having 
arrived at this relative economy Mr. 
Cochrane’s furnaces showed about the 
same consumption of coke per ton of iron 
as the best managed furnaces in other 
iron works in Cleveland, which work with 
1000° of blastasa maximum. Mr. Coch- 
rane ascribes this to causes which cer- 
tainly have no influence upon the question 
at issue, such as imperfect calcination and 
the general influence of alterations, new 
buildings, and innovations upon the econ- 
omical management of materials. Another 
question which may still have been over- 
looked is the quality of the coke, which in 
comparing different works with each other 
may form an important cause of quanti- 
tative differences. So far as this discus- 
sion is concerned the question is, there- 
fore, not solved yet, and it remains to be 
seen whether at some future day Mr. 
Cochrane, by further improving the econ- 
omy of his furnaces, will force Mr. Bell to 
modify his theory, or if the scientific dis- 
coveries of Mr. Bell, and the practical 
conclusions deduced from them, will find 
in the future experiments of Mr. Coch- 
rane a striking and important corrobora- 
tion. 





Wiome of the principal planters of Bom 
S Jardim are promoting a scheme for 
@ narrow-gauge extension of the Bahia 
and San Francisco Railroad, about 16 
miles in length, from Alagoinhas into that 
district, which, if carried out, could not 
fail to be a valuable feeder to the rail- 
way. 
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THE METALLIC MINERAL RESOURCES AND PRECIOUS STONES 
OF RUSSIA. 


From the ‘+ Mining Journal.”’ 


It is not generally known in Eng- 
land that the Russian empire is immensely 
prolific in metallic and other mineral re- 
sources ; yet there are few, if any, sub- 
stances known under these heads which 
are not found in some parts of the Czar’s 
wide-spread dominions, which have been 
estimated by some as equal in extent to 
the great satellite which attends and 
cheers our world. It is not more than a 
century and a quarter since the Russian 
Government became aware of the presence 
of gold in the Oural and Oural Mountains, 
the only part of the empire then supposed 
to contain that precious metal. However, 
in less than half a century after, the 
people obtained in the washings in that 
district not only gold, but silver, copper, 
and some precious stones, particularly 
topaz ; subsequently, rubies and carbun- 
cles, so often discovered in the presence 
of gold, were obtained there. 

The methods used to procure the gold 
from either the sands or the quartz were 
exceedingly rude, and the quantity, at 
first small, gradually increased up to 1820, 
when, with the yield of silver, the value 
was estimated at 20,000,000 of silver 
rubles (£2,500,000 sterling). Since then 
the increase has gone on more rapidly, 
new fields have been opened up, and now 
gold-bearing strata are found to stretch 
along the whole range of the Oural 
Mountains, from latitude 45 to 67 degs., 
in the northern slopes of the Altai, in 
the southern shoots of the same moun- 
tains, on the land near Irkoutsk, along the 
River Amoo, and in the Kirghis steppes. 

In the Oural the gold gravel, or debri- 
tus, is not usually more than a fathom 
from the surface, and is often found 10 ft. 
thick. The gravel is covered with clay, 
above which is a soft peat, itself covered 
by the common soil. 

_ The washings on the Amoo are seldom 
rich, and very large nuggets are uncom- 
mon anywhere, even in the Oural or the 
Kirghis steppes. It is reported that there 
are very extensive and rich sands in Mon- 
golia, on the other side of the Russian 
territory, which the Imperial Govern- 
ment is anxious to possess. In Eastern 
Siberia the washings can only be pursued 





from May to September. Judges have 
not hesitated to proclaim that, on the 
whole, Russia is richer than Australia in 
gold. Silver is principally obtainable on 
the Altai, where an average of 60,000 Ibs. 
annually is produced. It is not generally 
accompanied by lead there. Lead is, 
however, found in the Altai, and in nearly 
all the gold mining districts, but its dis- 
covery and working are not pursued with 
either spirit or intelligence, and the total 
yield is small. No doubt exists of large 
stores in all those ranges. Platinum is 
more eagerly sought, as the Government 
until lately used it in coin; for nearly 
half a century it has been obtained in 
moderate quantities in Nijni Tagil. 
During the last decade there has been 
less inquiry for it. Black lead, equal to 
that of the English mines, is found in 
large quantities in the Saian Mountains. 
The Oural Mountains, so productive of 
the most precious metal, produces nearly 
all the metals in quantities more or less 
considerable. Copper was worked time 
immemorial in several parts of Siberia, 
and in the Kirghis steppes, but nothing 
remains of those workings but a well- 
sustained tradition. Modern operations 
in quest of copper are little more than 
half a century old. The mines of Nijni 
Tagil and neighboring setts have acquired 
a great reputation. Nearly the whole 
eastern slope of the Oural abounds with 
this metal. It appears, however, that the 
yield of the percentage of both in ancient 
and modern times was very small through- 
out the extensive range in which the ore 
was found. The manufacture of copper 
in all parts of the empire where works 
exist israpidly declining, in consequence 
of the fall in price of the metal and the large 
supplies from South America, and the 
inadequate supplies of wood for charcoal, 
the fuel employed in most of the districts 
where the metal is found. 

The declension of iron manufacture in 
Russia is also obvious, chiefly from defi- 
ciency of fuel, and the great distance of 
the mines from the centres of commerce 
and civilization. The iron industry in 
Russia owed its origin to Peter the Great, 
and 150 years ago vast mines were wrought 
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and great works erected. The empire | there. Sulphur pyrites abound from the 


seems to produce every description of Northern Oural to Pensa. Tin, so much 
ore, and each in great variety. prized in England, has been found 

In the Altai and the Oural vast masses | in several of “the Governments ” of the 
of magnetic ore are found. There are empire, but is workedin none. Diamonds 
various other directions where magnetic have been sought with much persistence, 
ore is found in smaller deposits. Very | but no mines exist. In the North Oural 
fine ore for the purpose of steel manufac- | they are not unfrequently picked up. A 
ture is extracted in several districts. Or- | single emerald vein was discovered some 
dinary ores are much more abundant, | years ago, yielding some of the finest 
and are discovered over a wider area of specimens in the world, but through 
country. In the centre of Russia red Government mismanagement and greed 
oxide is the prevailing yield. One great it has been lost sight of. The supply of 
advantage is that a deep iron mine is not | jasper is exceedingly fine and abundant, 
known in Russia ; whenever the metal is | literally mountains of it may be said to 
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found it is near the surface. It would be | 


impossible to estimate the resource of the | 
country in iron ; probably it exceeds that | 
of any other country in the world. 


Chrome and sulphur are also obtained 


exist. The subject of the non-metallic 
mineral resources of Russia shall on 
some future occasion engage our atten- 
tion, as also highly important and interest- 
ing. 





COAL-BURNING 


LOCOMOTIVES. 


From ‘ The Engineer.’’ 


A complete treatise on the various de- 


vices which have been suggested, patented, 
or employed, to enable locomotive engines 
to burn coal instead of coke without | 
smoke, would constitute a very bulky 
volume indeed. Yet the number of such 
devices in actual use in this country, and 
at this minute, is exceedingly small. Lo- 
comotive superintendents have apparently 
arrived at the same conclusion as many 
other thoughtful engineers, who accept 
the fact that while it is possible, under all | 
circumstances, to burn coal without smoke, 
it is very frequently not worth while to re- 
sort to the appliances essentially necessary 
to securing thisend. In plain English, it 
does not pay to prevent or consume smoke 
when the prevention or consumption can 
only be effected at the cost of loss of | 
power, or by the use of complex and ex- | 
pensive boilers, fire-boxes, and smoke- 
ete gee y | apparatus. In the neighbor- 

ood of the metropolis and large non- 
manufacturing towns our railway com- 
panies find it cheaper to burn a smokeless, 
or nearly smokeless, coal, than to resert 
to the use of acoal perhaps a shade less ex- 
pensive, which can only be prevented from 
giving out clouds of smoke by great care, 
incessant attention on the part of the 
stokers, and the adoption of fire- 





boxes and boilers troublesome to 


make and _ costly to repair. One 
by one of all the so-called systems of 
coal burning are disappearing from our 
great railway lines, and the normal type 
of locomotive furnace of the present day 
is identical with that of a period when the 
general consumption of coal in locomo- 
tives was a thing yet undreamt of, with 
the addition of a brick or fire-clay arch, 
and a scoop deflector, supplemented by a 


| steam blower in the chimney. The substi- 


tution of coal for coke in locomotive 
working dates back as far as 1837, when 
Gray and Chanter introduced modified 
grates. They were followed by Dewrance 
and a host of others ; and it is indispu- 
table that very smoky coal indeed has been 
burned without causing any great annoy- 
ance to the public, by the use of various 
devices more or less complex. It must be 
borne in mind that the first locomotives 
ever worked, burned coal only ; but such 
locomotives as those of Blenkinsop, Tre- 
vithick, or Stephenson, constructed pre- 
viously to the Rocket, did not convey 

assengers. They were worked, not be- 
fore the public, but in comparatively 
isolated districts, where smoke was not 
regarded as an especial evil to be com- 
plained of ; and the substitution of coke 
for coal may be regarded as a refinement 
introduced to please the tastes of a totally 
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different race, at a period when every | bring up the cross tail-plate close to the 
item of railway expenditure was calcula- | tires of the trailing wheels. The size of 
ted on a princely scale. As soon as it was | the foot-plate remains unaltered, but the 
discovered that the possession of railway | whole engine is shortened by about 15 in. 
shares did not necessarily augment a| The effort, sxsthetically considered, has 
man’s income, first steps in retrenchment | been to convert perhaps the ugliest en- 
commenced, and costly coke gave way to | gines in England into very good-looking 
coal. No engineer ever doubted that as | locomotives ; while, as regards coal, the 
much steam could be made with coal as| change has been attended by an imme- 
with coke in a given time—though some | diate and remarkable diminution in the 
individuals, not engineers, entertained fuel accounts. If anything, the engines 
serious doubts on the subject—and the | make less smoke since the alteration than 
best endeavors of inventors were there- | they did before, even with the same coal. 
fore confined to finding out and embody-| We find it not easy to doubt that other 
ing in practice those conditions under | locomotive superintendents will follow Mr. 
which coal could be burned without smoke; | Martley’s example. 

and as the manner of many inventors is,| It may be taken as proved that no loco- 
they, as a body, always used the most bit- | motives exist which do not give out smoke 
uminous coal they could get. The result | if a bituminous coal is burned on their 
was that smoke was kept down with diffi-| grates. It is true that such coal can be 
culty in costly boilers. It remained for | burned in many engines without much, or 
the present generation of locomotive | perhaps any, smoke ; but in practice this 
superintendents to find out that the best | end is never secured. To burn bitumin- 
and cheapest remedy for smoke is to burn | ous coal without smoke under any circum- 
a coal which only makes it in moderate | stances requires more care and skill than 
quantities. No heavily smoking coal has | can be expeeted from an ordinary stoker ; 
ever yet been burned in locomotive fire-| and it is also essential that the engines 
boxes without causing a nuisance, or en- | should be moderately loaded. The great 





| 


tailing more trouble than it was worth ;! principle of all smoke-burning furnaces is 


and so we find that in all locomotives of to secure intimate mixture of the gases 
the latest type, with a very few exceptions | with a sufficient quantity of air ; but this 
indeed, the old-fashioned horizontal grate | requires time, or space, which may be 
and approximately cubical fire-boxis used, | taken as equivalent terms. It may be 
just as though coke was to be burned, a | quite possible to burn coal without smoke 
brick arch and a scoop being the only ad- | at the rate of 20 lbs. per ft. of grate per 
ditions to an arrangement dating back to | hour, when it would be impossible to burn 
the year 1832. We believe it would be | double the quantity without producing 
difficult to pick out half-a-dozen locomo-| dense masses of smoke ; but a stoker 
tives in England built during the last firing an engine struggling with a heavy 
twelve months, and excluding the South- | load will do all he can to burn as much 
Western Railway, in which combustion | coal as he can in a giventime. The result 
chambers, step grates, steeply inclined | may be seen on any North-country rail- 
grates, or midfeathers can be found.| way. As mitigants of smoke, the brick 
Where these things exist now, they are/| arch, the scoop, and the blower are as 
being done away with. For example, Mr. | efficient as any more complex and expen- 
Martley, of the London, Chatham, and | sive devices ; and as the best result to be 
Dover Railway, has greatly modified the | had in practice is apparently only a miti- 
boilers of nearly all his heavy mixed | gation of the evil, whether the smoke- 
engines of the “ Swallow,” “Stork,” etc., | preventing devices are costly and complex, 
class. These engines had Cudworth grates | or cheap and simple, cheapness and sim- 
of great length and steep pitch, separated | plicity are naturally preferred. And, 
by a midfeather, the boilers being, for the | after all, is the production of some smoke 
most part, flush. These fire-boxes have | such a very serious evil? Where smoke 
been taken off and replaced with square, | in any form is intolerable, or, at all events, 
or nearly square, boxes ,of the old coke | untolerated, it seems there are but two 
type, the outer shells rising above the boil- | ways of getting rid of the nuisance. The 
er barrel instead of being flush with it. | first is to burn coke ; the second to use a 
The side frames have been cut so as to | smokeless coal. 
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MODERN ARCHITECTURE IN WESTERN INDIA. 


From “ The Building News.’’ 


Sir Bartle E. Frere, K.C.B., G.C.S.L, 
delivered a lecture on this subject at the 
Royal Architectural Museum, Tufton 
street, Westminster, on Wednesday even- 
ing, the 26th ult., Sir Walter James, Bart., 
in the chair. After entering at some length 
into explanatory remarks concerning the 
ancient architecture of India, Budistic, 
Brahminical, and Mahometan, the lectu- 
rer proceeded to treat of the modern archi- 
tecture of the empire. He said that when 
the English nation suddenly found itself 
the possessor of the great empire and of 
its great works of architecture, architec- 
ture in England was at such a low ebb 
that we could not realize what was essen- 
tial to the progress of the art in India. 
It was difficult to describe the character 
of our early Anglo-Indian architecture ; 
its only characteristic was extreme broad- 
ness—an utter absence of anything like 
distinctive features. This was only to be 
accounted for by the fact that we sent 
forth our representatives to receive and 


acquire the Indian empire at about the 
same time as we were building Red Lion 
square and the acres and miles of feature- 
less streets, roads, and squares, and the 
nightmare churches so unlike anything 
which is dreamt of as a church, whether 


in a town or a country village. Our an- 
cestors, in consequence, left no good archi- 
tecture after them in India. An ordinary 
Indian station was as nearly as possible 
like a nightmare of umbrellas in brick 
and mortar. Were the materials brick 
and mortar, stone, or anything else, they 


were put together so as to afford shade | themselves. 


and shelter, and nothing else. In Kur- 
rachee, for example, it is impossible to 
conceive of anything uglier than the build- 
ings of the place as carried out by the 
British officials (of whom Sir Bartle was 








| 


there?” Well, although he was travelling 
out of Western India, he could only say 
that the “palaces” of Calcutta were 
palaces of brick and stucco, built on a 
foundation very much resembling that of 
our own good town of Sheerness ; a hun- 
dred years hence, probably, the English 
people would not look with very great 
pride on the “ City of Palaces,” because 
the materials employed are not such as 
any architect would use for architecture 
of a high order or intended for posterity. 
In Bombay things were little if at all bet- 
ter. The Government House there was 
a Jesuit church, and whatever feature it 
may possess of architectural grandeur is 
certainly not due to the British Govern- 
ment. At Madras there are one or two 
very good buildings connected with the 
Government, but architecturally they are 
such as would be found in almost any 
second-rate country town in England, and 
their pleasing effect is due to a very beau- 
tiful variety of plaster which is afforded 
by the corals and shells of the coast. 
The whole of what the English Govern- 
ment has done for the adornment of the 
capitals of India may be summed up by 
saying that very few public buildings have 
been erected which would be considered 
in any seaport town in this country to be 
above ordinary merit. But while this is 
true of the Government, there is much in 
all the Presidency and chief towns of 
India of great architectural interest, due, 
as is the case in most parts of the world, 
and under all governments, to the people 
It has no more been in our 
power to impress permanently upon the 
architecture of India any feature of our 
own than it has been in the power of any 
government in Europe to give an archi- 
tectural bias to what is built by the peo- 


one). In Kurrachee there are nothing! ple over whom that government rules. 


but straight roofs, projecting on each side, 
and giving plenty of shade and shelter, 
mounted upon a certain amount of bricks 
and mortar, or timber; but of anything 
like architecture there was, up to the time 


Of course in a long series of ages much 
may be done by a government, and as we 
seein France, agovernment may, by power 
steadily and sternly applied during a 
whole generation or two, produce an 


he left the place, none, although there was ; amazing result on one large city ; but 
a population as large as that of Bath. | what is likely to be the verdict of posterity 


Perhaps it might be said: “ But we have 
heard of a certain ‘city of palaces’— 


when they contrast the modern architec- 
ture of Paris with the works of the great 


Calcutta ; surely there are some palaces! architects who preceded our own age? 
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There were many who would lament, even 
for the good results that had been achiev- 
ed, the destruction of much that was 
interesting in old Paris ; and where were 
the buildings in modern Paris that could 
compare with the cathedrals and chateaux 
of France? and will not these cathedrals 
and chateaux be speaking architecture to 
posterity when Paris has ceased to be re- 
garded as more than immense mountains 
of stone? We were very apt to decry 
our own city of London as inferior to the 
capital cities of the despotic powers of 
Europe, but in London was to be seen the 
impress of an architecture that grows 
from within—an architecture that ex- 
presses what the people think, and feel, 
and mean, and not what they are told to 
think, feel, or mean, as was too often the 
case in the despotic capitals of Europe. 
The lecturer then went on to describe the 
state of Indian civilization at the time the 
Empire came under British rule, and re- 
ferred to the state of Bombay when Mr. 
R. W. Crawford (now M. P. for the city 
of London) was Chairman of Justices in 
that place. Mr. Crawford instigated 
great reforms. He found the city without 
good water to drink, without drains to 
carry away the refuse, and without any of 
the conveniences of modern civilization 
except a few good roads ; and he proceed- 
ed to supply the city with water, and to 
* construct good drains, in which work he 
was ably seconded by the whole body of 
English and native Justices, and received 
great assistance from the Royal Engineers, 
Mr. George Clarke, an engineer in Bom- 
bay, and Mr. Conybeare, an architect, 
who erected the first church worthy of 
the name in India. This church, how- 
ever, owes some of its best features to Mr. 
G. G. Scott, who was appealed to to give 
a design for a memorial church to those 
who fell in the Affghan wars. He gave a 
very beautiful design, but one too elaborate 
to be carried out for the money ; thefore 
another design by Mr. Conybeare was 
substituted. The erection of this church 
gave an immense impulse to the spread 
of good architecture in India, and much 
of this impulse was due to two members 
of the Museum, Mr. T. Roger Smith, and 
Mr. Trubshaw. The latter gentleman 
went out to Bombay at a time when there 
was a great influx of wealth into the city, 
and when many men who were in trade 
or business found themselves possessed of 





very considerable means, and the native 
merchants used this unexpected wealth in 
a manner that would have done honor to 
any community of Englishmen. The 
lecturer concluded by dwelling at some 
length on the public-spirited liberality of 
the Parsee and other native gentlemen, 
and on the influence which their munifi- 
cence has had on the architecture of the 
great cities of the Empire. He referred 
to the labors of Mr. Parris, Mr. Morrisey, 
and Mr. Emerson, who had, he said, all 
followed in the steps of Mr. Trubshaw in 
endeavoring to found what he believed to 
be an indigenous school of Anglo-Indian 
architecture, as extensive and as distinct 
as the pure Hindu and Mahometan schools 
of former days ; and he believed that if 
God granted us grace to hold the empire 
of India for a few generations longer, we 
should leave behind us in architecture, as 
in other respects, such marks of our 
government as posterity would not soon 
forget. 





sie’ railway line from Moscow to Taros- 
tavl, or Yerastavl, was opened lately 
from one end to the other. The Govern- 
ment of Tarostavl produces linen and 
timber. The present railway company 
demands the concession of a branch from 
Makarovo to Kustrama. Moscow is now 
the terminus of six great railway lines, 
i. e., Nicholas Line to St. Petersburg, 634 
kilos., N. W. (393 miles) ; line to Taros- 
tavl, 277 kilos., N. E. (172 miles) ; line to 
Neejnee-Novgorod, 430 kilos., E. (267 
miles); line to Riazan, open now to Tam- 
bof, 471 kilos., S. E. (292 miles) ; line to 
Kursk, and line from Kursk to the Sea of 
Azof, 1,327 kilos., S. (823 miles) ; line 
from Kursk to Kier and Odessa, 1,300 


kilos., S. W. (806 miles). 

\ QuenavLt, an indefatigable observer 
iil. of the encroachments of the sea on 
the coast of France, writes from Mont- 
martin-sur-Mer, to the effect that he has 
discovered below Hauteville-sur-Mer, near 
the Maulieu rock, remains of a submerged 
forest. These remains are covered by 12 
metres of water at spring tides. The oaks 
only have preserved their hardness, the 
other woods being soft, like a paste, al- 
though they have retained their color and 
bark. He dates the immersion about the 
eighth century. 
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SMALL PORTABLE ENGINES. 


From “ The Engineer.’’ 


The Royal Agricultural Society will, we 
understand, give special prizes this year 
for the best and second best engines in a 
class which has hitherto hardly ever re- 
ceived either prizes or notice. This class 
embodies all the little engines with verti- 
cal boilers fixed on cast-iron bases or ped- 
estals, which are to be counted by the 
score at every agricultural show in the 
kingdom. How they are to be tested we 
are unable to say exactly; but it is certain 
that if the consumption of fuel is to influ- 
ence the decision of the judges, it is quite 
possible, as things stand at present, for 
any person possessing a little energy and 
knowledge of the subject, to win all the 
prizes that may be offered without the 
least difficulty. As we should infinitely 
prefer a good competition to a species of 
race in which one or two makers are first 
and the rest nowhere, we think it well to 
call the attention of our readers in gene- 
ral to the subject, and to bring to their 
minds a few of the conditions which are 
essential to the success of any engine com- 
peting for a prize, be it medal, or money, 
or honorable mention. 

Out of the mining districts it is impos- 
sible to find any type of steam machinery 
more imperfect in every sense than the 
little 3 and 4-horse vertical engines, which 
command a large sale because they are 
cheap. The engines are all but invariably 
made to sell; and yet by a strange per- 
versity, manufacturers—we can hardly 
with justice say engineers—prepare their 
designs without any true appreciation of 
the proper method of turning out cheap 
work. It does not follow that because an 
engine is cheap it must therefore be nasty; 
but by far the larger proportion of the 
little engines under notice are nasty. They 
are bad in design, fearfully and wonder- 
fully made as regards workmanship, un- 
pleasing to the eye, and certain to give 
dissatisfaction to any luckless wight un- 
fortunate enough to invest his money in 
one, and knowing all the while what a 
moderately good engine of the kind 
should be. Now, as a matter of fact, there 
is no reason whatever why a vertical engine 
and boiler of, say, 4-horse power, should 
not be pretty to look at, good to go, fairly 
economical in the consumption of fuel, 





and very moderate in price notwithstand- 
ing. The first point to be considered is 
the general arrangement. For the most 
part, that type of engine in which the 
cylinder is inverted and the crank shaft 
carried by a saddle bolted to the lower 
end of the boiler, is preferred. In pre- 
paring the design for such an engine the 
first point to be considered is the boiler. 
If this is to be moderately economical, 
something more than a fire-box and up- 
take put into an outer shell is needed. 
We may either use Field’s tubes, or cross 
tubes, or tubes springing from the side of 
the fire-box, and running up to the crown 
plate, or vertical fire tubes, or a Thompson 
pot boiler ; but whatever type is selected, 
care should be taken that sediment shall 
not accumulate in dangerous or objection- 
able places. It is urged by many engineers 
against the Field and other boilers with 
hanging tubes, for example, that although 
in a boiler kept always at work no deposit 
of sediment can take place in the tubes, 
yet that in boilers worked during the day 
only, and allowed to cool at night, a very 
considerable crust forms on the tubes. 
How far this may be accurately true we 
shall not pretend to say; the statement is 
reasonable and consistent with general 
experience. Large cross tubes do not 
give enough surface, and they become fur- 
red, and cannot be cleaned; vertical fire 
tube boilers with short tubes are des- 
perately uneconornical. The Messenger 
boiler, already illustrated in our pages, 
appears to be one of the best of the small 
boiler types with which we are acquainted ; 
and Mr. Frazer, of Bow, is now bringing 
out another vertical boiler, from which, 
we think, he will obtain good results. In 
any case, the vertical fire tube boiler, the 
boiler with one or two cross tubes, and 
the boiler with fire-box and uptake only, 
must be beaten at Oxford. They have 
not the ghost of a chance, for the simple 
reason that nothing is more easy than to 
design a boiler which will excel them in 
every point but one, viz., cheapness. 

No matter how good, by comparison, 
the boiler may be, it will fail to give good 
results at Oxford if it be worked in con- 
junction with a bad engine. But, after 
all, the principal point to be attended to 
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is the keeping of the cylinder hot. Who ‘vices which may be used to the same end 
ever saw one of the little engines we speak | with advantage. Why should not the 
of with a jacketed cylinder, or a cylinder | feed-water be heated in the chimney? 
enclosed in the hot air escaping to the | Why should not the steam be moderately 
chimney, or fitted with a superheating | superheated in the same place? Nothing, 
pipe? ‘These things are assumed to cost | again, would be easier than so to dispose 
a lot of money, and, are therefore left out; | of the waste steam that it should draw a 
although we may see 2 ewt. of good cast- | moderate quantity of heated air into a 
iron put into the saddle, where 4} ewt. | case of sheet-iron surrounding the cylin- 
would do better, and similar mistakes | der in a way which would effectually pre- 
made by the score. It is undoubtedly | vent condensation in the cylinder without 
true that to cast a cylinder with a jacket | endangering its face or that of the slide 
will cost a little more than to cast it with-| valve. In a word, there are a thousand 
out ; but the patterns once made, it will! and one ways in which the vertical, 
not cost much more, and the advantage | so-called, portable engine, may be im- 
will be found enormous. We have very | proved. 

little doubt that jacketed cylinders will| We sincerely hope that it will not be 
compete at Oxford with unjacketed, and ; found when the tug of war comes that all 
woe to the latter in such a case. Besides, the improvements have been effected by a 


jacketing there are one or two other de-| single firm. 





EXPERIMENTS ON THE RESISTANCE OF IRON AND STEEL. 


By A. MOHLER. 


Translated from ‘‘Polytechnisches Centralblatt,’’ 


Under this title the author publishes 
the results of experiments, made with the 
greatest care during a period of 12 years, 
which verify his theoretic views upon the 
laws of resistance of these materials. We 
lay before our readers the author’s state- 
ment of the laws and their consequences. 
He says :— 

The rupture of material is the conse- 
quence of repeated vibrations, none of 
which reach the absolute limit of resist- 
ance. The differences of the tensions 
which limit the vibrations are therefore 
proportional to the disturbance of cohe- 
sion. The absolute magnitude of the 
limiting strains is effective only as it 
diminishes the difference attendant upon 
increased strain, which difference causes 
rupture. 

The tensions and compressions affecting 
the same fibre are considered as respec- 
tively positive and negative ; so that the 
difference of extreme strains is equal to 
the greatest tension plus the greatest com- 
pression. 

The following exhibit of the results of 
experiments illustrates the effect of this 
law of resistance. With reference to re- 
sistance to bending or tension, vibrations 
may occur within the following limits of 


Vor. III.—No. 2.—10 


safety for each (German) square inch of 
section. 
Between + 160 ctr. and — 160 ctr. 
se oa 300 “sé - 0 “e 
«4 440 
+ 280 
+ 480 
+ 800 
+ 500 
+ 700 
+ 800 
+ 900 
With reference to resistance to shear- 
| ing : 
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220 ctr. and — 220 ctr. 
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Of course the greatest fibre-strain actu- 
ally applied is always less than the abso- 
‘lute breaking limit. The following are 
presented as immediate results of this 
| law :— 

Those parts of construction which act 
| positively and negatively, as piston-rods, 
walking-beams and the like, must be 
stronger in the ratio 9:5 than those which 
are strained in only one direction, as 
beams, bridges, roof-timbers, etc. 

In determining the resistance of bridges 
and large trusses the weight of the 
structure, since it forms an absolute con- 
stant minimum load, may be left out of 
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account, provided the sum of the effect of 
proper weight and load does not pass the 
limits of elasticity. 

In the case of car-spings the vibrations 
are between limits whose difference is 
quite small compared with the maximum 
tension; hence the coefficient can be taken 
larger than in ordinary cases if the steel 
does not suffer an inch strain of more 
than 800 ctr. It often reaches 900 to 
1,000 ctr.; and with good steel a further 
increase is possible. 

Those parts of boilers which are not 
exposed to the fire, if of cylindrical form, 
are subject to but slight vibrations, which 
are caused by the variation of the tension 
of the steam. Hence a greater strain is 
allowable than has been generally applied; 
but in the parts exposed to the fire, not 
only the waste by burning, but also the 
motion of the molecules due to the vary- 
ing temperature must be considered. It 
is not improbable that the continued 
movement of molecules, caused by heat, 
acts to destroy cohesion, just as vibrations 
caused by other forces act. 

The effect of strain is entirely different, 
if it is constant and static, from the effect 
when it is variable and productive of 
vibrations. It is also important to con- 
sider whether a structure is intended to 
serve a purpose for a limited period, or 
to stand for an indefinite time. It follows 
that like factors of safety do not suit all 
constructions. In every case two factors 
are necessary ; one, which determines the 
ratio of absolute breaking strength ; an- 
other, which fixes the ratio to the vibra- 
tion that induces rupture by indefinite 
repetition. 

The coefficient of safety should be taken 
large enough in comparison with the ab- 
solute breaking strain, that it may com- 
pensate for want of homogeneity of 
material. For this the factor 2 is suffi- 
cient. Material requiring a larger coeffi- 
cient in this respect should be rejected. 
The limits of elasticity have not thus far 
been considered, and it must be left to 
the judgment to determine between what 
limits continuous deflection is allowable. 
A single loading, preventing further de- 
flection, can do no harm, if it does not 
approach the breaking weight. In large 
structures it is a general rule that the 
limit of elasticity should not be passed. 

As a coefficient of safety for repeated 


vibration, 2 is in all cases sufficient, and , 





in many cases is higher than neces- 


 * a result of his experiments the 
author gives the following table of inch- 
strains for permanent structures : 
For wrought-iron, 
Strained in both directions......80 ctr. ; 
” “one direction, 
total strain ; 
of which not more than 150 ctr. should 
be due the variable load. If the constant 
strain is less than 30 ctr. the permissible 
total strain must be proportionally less. 
For unhammered cast-steel, 
Strained in both directions. 
_ “ one direction, greatest 


of which not more than 220 ctr. should be 
due to the passing load. The constants 
apply to pieces of uniform section. 

Experiments with spring-steel show 
that car-springs should not be loaded to 
three-fourths of the breaking resistance, 
if the play of the spring is small in pro- 
portion to the entire deflection. With a 
constant strain of 900 ctr. a play of be- 
tween 900 to 1,200 ctr. is allowed. 





AX important addition to the resources 
of spectrum analysis has been made 
by Zéllner’s invention of a reversion 
ee, by which extremely small 
changes of refrangibility, and consequent- 
ly comparatively slow motions of a star 
or sun-flame, can be detected. It consists 
of a spectroscope in which, by reflection, 
the spectrum of a source of light can be 
superposed above a reversed spectrum of 
the same source ; so that if a white flame 
containing sodium be viewed, there will 
be seen in the upper part of the field a 
sodium line with the blue end of the 
spectrum on the one side, and underneath 
it a sodium line with the red end of the 
spectrum on the same side. The two 
bright lines may be made to coincide 
exactly by an adjustment; and if any 
change in refrangibility takes place, the 
motion of the line is doubled, and is also 
more exactly measured, because it is re- 
ferred to itself as a standard. 





A™ the telegraphs in Egypt under di- 
rection of the Government, are 
worked on the Morse system. 
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THE FLEET OF THE FUTURE.* 


By MR, J. SCOTT RUSSELL, 
From ‘‘ The Mechanics’ Magazine.” 


We live in times when revolutions pass 
so quickly, and carry us to results so little 
foreseen, that it is necessary to pause 
from time to time and see whither the 
race of events is tending, and consider 
whether our practice and policy in the 
past will serve us for the future, and 
whether it may not be wise to modify our 
plans by the altered circumstances in 
which we live—in anticipation of this 
institution ten years ago—and nothing 
can be more striking than the progress we 
have made in our ideas, and the revolu- 
tions we have gone through in that short 
time. We were then engaged in discuss- 
ing this same question, and the great 
topic was no less than this—whether the 
fleet of the future should be iron or wood 
—ironclad or unclad. Who now dreams 
of returning to wooden men-of-war, to 
sailing fleets, to three-deckers? And yet 
no less an authority than Sir Howard 
Douglas broke many a lance with us ten 


years ago in a contest about the fleets 


of the future. These ten years have 
spoken and pronounced a verdict upon 
the past. There are few of us left now 
to argue that a combustible material is 
the best for the construction of an incom- 
bustible fleet. As you were then sagacious 
enough to take a far-seeing survey of the 
fleet of the future, which survey I feel 
satisfied has powerfully aided in giving a 
right direction to public opinion and 
public action in the consideration of the 
fleets of the last ten years, so I think it is 
wise now to look round and consider what 
the experience of this last ten years has 
taught us, and to look forward and con- 
sider the nature of the future ten years, 
and of the new conditions under which we 
shall henceforth have to plan and choose 
and act. Great events have changed the 
surface of the world in the past ten years. 
The union of remote continents by sub- 
marine telegraphs is a great event. The 
canal of Suez is a great event. The ocean 
of India is now steadily, though slowly, 
flowing into the Mediterranean ; the cur- 
rent has been ascertained to be a steady 
one from the Indian Sea into the Mediter- 





* Read before the Institution of Naval Architects, 





ranean, and so into the Atlantic. That 
single barrier removed enables a steam- 
ship to sail from New Orleans, from New 
York, with a cargo of cotton for Marseilles, 
to unload there, and receive a cargo of 
manufactured goods for India, China, or 
Japan, and to continue with a cargo of 
tea, rice, and other Oriental products from 
Yokohama to San Francisco, thus per- 
forming the trip of 22,000 miles, equal to 
the circumference of the earth, without 
let or hinderance. That canal is a new 
element in the commerce of the world, in 
the intercourse of nations, in the wars of 
nations, in the civilization of the human 
race. The Pacific Railway across America 
is another great event. It makes the 
Americans masters of two sea coasts, gives 
them the commerce of two seas, and to us 
it opens up a short cut round the world. 
What events have we to meet in the next 
ten years? It is not hard to tell. Ten 
years more will cover the bottom of every 
sea with lines of electric telegraph. Ten 
years more will see the Isthmus of Panama 
cut through, and the Atlantic and Pacific 
Oceans made one. Right through the 
Suez Canal, all across the Indian Ocean, 
straight across the Pacific, home across 
the Atlantic; by this new canal a large 
steamship will be able to circulate freely 
round the world. I have here a plan of 
the canal to which I last referred, as now 
sanctioned by the American Government, 
and largely contributed to by the United 
States. It is to be made through the 
narrow part of the Isthmus of Darien, with 
a beautiful harbor at each end which 
nature has given. It is the same length 
as the canal through the Isthmus of Suez, 
namely 160 kilometres, or 100 English 
miles ; but there is this difference, that 
half of it is already made by nature. 
When I said ten years I took a little mar- 
gin. I have so great an esteem for the 
capacity of the “younger English” in 
getting through with things when they 
take them in hand, that I have a notion 
that they will fetch over such a big cargo 
of Chinamen that the canal will be opened 
in five years. Railways are rapidly 
stretching across the continent of Europe. 
Russia is pushing on her railways east- 
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ward towards the Isthmuz of Suez to the | are made and multiplied, they inevitably 
Black Sea, to the Caucasus, to the Caspian. ' run asevererace against coasting steamers; 
From Austria this line will be opened in they take away their passengers, and in- 
five years on to Constantinople ; it cannot land they take away their customers. 
stop there, but must go on across the | This effect will go on increasing, and they 
Bosphorus and right down the centre will take away the cream of the local 
of Asia Minor to Bagdad, and then along | coasting trade all round Europe, so that 
the coast to the Indus, where it will join | what remains will not be worth having. 


our Indian railways. Our European rail- 
ways will be prolonged until English, 
French, German, Turkish, and Indian 
railways are all united in one continuous 
bond of human intercourse. China later, 
probably, will have railways. Africa, 
even, and Australia will feed the trade of 
their harbors by railways. Who shall 
predict the effect of all this going of 
things to and fro? It is our business 
here merely to see what effect all these 
things will have upon us, on our brethren, 
on our duties, on our skill, on our country, 
on our commerce, on our manufactures, 
on our ships. What, in short, will be the 
ships of the future? The fleets of the 
future will plainly have to be constructed 
in conformity with this work of the 
future; the changed circumstances of 
commerce and navigation will help us to 
decide the duties and to define the con- 
struction of this our mercantile fleet. 
Then the nature and the duties of our 
mercantile fleet, when we have considered 
them, will help us to decide the construc- 
tion and armament of tliat fleet of men-of- 
war which has its chief duty in protecting 
our merchant fleets and the commerce 
which feeds them. First, I will examine 
the nature of the merchant fleets of 
the future. Nothing in the progress 
of commerce is more striking than the 
effect of railways upon ships.  Rail- 
ways and ships help each other, and 
railways and ships harm each other ; rail- 
ways tend to kill all the smaller and slower 
class of ship ; railways help to load ships 
expeditiously, they supply large cargoes 
punctually and quickly. They favor large 
ships, punctual quick ships. They de- 
prive small ships of cargoes ; they do the 
trade of distribution inland without the 
help oi ¢ asting vessels. Ports are still 
served by ships, but inland railways serve 
the places that ports formerly served. 
Distributing is no longer done by 
coasters ; railways have killed coasting 
sailing ships; they have not yet quite 
killed coasting steamers, nevertheless they 
are very jormidable rivals. As railways 


| 





The future commerce by ships, therefore, 
lies not in small ships and local trade, but 
in large ships and long voyages, in com- 
merce between continents. Modern com- 
merce flows more and more every day 
into large centres ; modern transactions 
become larger and larger; what is 


_wanted is to be done at once, punctually, 


in bulk out of hand; quick delivery is 
absolutely indispensable, and, therefore, 
large steamships alone can do it. Ham- 
burgh, Havre, Marseilles, Trieste, Liver- 
pool, Glasgow, Boston, New York,Calcutta, 
Yokohama, San Francisco, Melbourne, 
Sydney, are the centres of modern com- 
merce and modern shipping, and the fleets 
of the future have, as their great duty, 
to do the great work of carrying the pro- 
ducts of different countries between these 
great centres, and we have to fit these 
ships for this particular kind of work. To 
do the work of this enlarged changed 
world after 1870, we want a new merchant 
steam fleet. Its size must be proportioned 
to the length or stages of its voyages. Its 
power must be proportioned to the special 
nature of its work, and its speed isa mere 
matter of finance. The round voyage of 
the world is to be as follows :—England 
to Suez, 3,000 miles ; England to Bom- 
bay, 6,000 miles ; England to Calcutta, 
7,500 miles; England to Hong Kong, 
10,000 miles. Shall we turn back, that is, 
another 10,000 miles, or shall we go on? 
From Hong Kong to Yokohama is 1,500 
miles ; Hong Kong to San Francisco 6,000 
miles; Hong Kong to the Isthmus of 
Darien, 8,500 miles; from Hong Kong 
home,’ 12,500 miles. Thus a voyage of 
22,500 nautical miles is the round voyage 
of the future. Now, I venture to say that 
the smallest merchant ship for this work 
is a ship of 3,000 tons nominal. Accord- 
ing to the structure of this vessel we can 
make her with a displacement of 5,000 or 
6,000 tons, and we can give her an easy 
bulk for merchandise of 6,000 tons. I 
think she could be driven 10 knots an 
hour with 300-horse power. I give this 
as our smallest Oriental trader. Let me 
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next inform you that such a vessel can 
comfortably go through the canal of Suez 
on a low draught of water. I have talked 
the matter over with M. Lesseps, and he 
assures me that the vessel I am speaking 
of will easily and comfortably, as long as 
he lives, cut through the canal. He also 
assures me that he has no anxiety what- 
ever as to the canal gradually filling up. 
Foreseeing the difficulty, the slope was 
made extremely small; but they have 
taken the precaution of keeping no fewer 
than 12 of their magnificent dredging 
machines in stock in case of any such dif- 
ficulty arising. Now, with regard to the 
engines and the fuel of these ships, I think 
that 300-horse power of our modern 
engines would propel a vessel such as I 
have mentioned, without over-working, 
10 knots an hour ; but I would suggest a 
great reserve power. We now, I think, 
make our engines and boilers too small ; 
we work them to the extent of their 
power, and we cannot make head against 
a contrary wind, in which case a steam- 
ship is in more danger than a sailing 
vessel. If you take a larger engine and a 
larger boiler than you want you will re- 
quire a little more outlay at first, but you 
will get a more economical mode of work- 
ing, and you have the advantage of a 
great reserve behind. Then with very 
good engines and boilers, according to 
our modern plans, the vessel will consume 
a ton of coal an hour—that is, a ton for 
10 knots. A voyage of 6,000 miles would 
require 500 tons of coal. The engines 
and boiler cannot weigh less than 300 
tons. The voyage of 7,500 will require 
750 tons ; and the voyage of 10,000 miles 
1,000 tons. Let me here mention that at 
Yokohama we are in the coal region, and 
in the course of the next 10 years you will 
be able to coal all your ships there ; that 
will be our half-way house. For the 1,500 
miles trip 150 tons of coal will be re- 
quired ; for the trip to San Francisco, 
6,000 miles, 600 tons ; to the Isthmus of 
Darien, 8,500 miles, 850 tons ; and for the 
trip home, 12,500 miles, 1,250 tons., In 
the voyage to Bombay and home the ship 
will carry 1,500 tons dead weight of 
engines and coals, and have room for 
2,400 tons of cargo. For Calcutta and 


home she will carry 2,900 tons dead 
weight, and have room for 2,100 tons of 
For Hong Kong, 3,400 tons dead 
But 


cargo. 
weight, and only 1,600 tons cargo. 








she will have this advantage—that, on the 
home voyage, for the 6,000 miles voyage, 
she will have only 900 tons dead weight, 
and will have room for 3,000 tons of 
cargo ; for the 7,000 miles home voyage, 
1,000 tons dead weight, and room for 
2,850 tons cargo; and for the 10,000 
miles, 2,400 tons dead weight, and room 
for 2,600 tons cargo. Calculating the ex- 
pense, etc., of the ship, I arrive at the 
following conclusions :—1l. That this 
is the minimum ship and the minimum 
power; 2. That she can go and re- 
turn comfortably through the canal of 
Suez; 3. that she can bring home and 
take out cargoes at existing freights, and 
leave a very good margin. Next we have 
to consider what sort of ship is wanted 
for a ship of war, to protect this class of 
merchant ships. It is perfectly plain that 
our future ship of war must go through 
the canal of Suez, and she must, there- 
fore, draw not more than 25 ft. of water. 
The canal will admit, as a matter of pos- 
sibility, vessels of that draught, but not as 
a matter of convenience, and I do not 
think that one ship of war should draw 
more than 22 ft. In the next place, I 
think you will agree with me that the 
ships of war that are to attend and pro- 
tect our merchant fleet must be of a larger 
size, and they must be very much larger 
for two reasons. They must carry coal 
for a long voyage, and to be of any value 
they must go with great speed. They 
must carry coal for a longer voyage than 
the ships they accompany, and they must 
go much faster. The next point in the 
construction of our new fleet of war ships 
is this: are they to be built for the pur- 
pose of guarding our merchant fleet, or 
for the purpose of attacking land bat- 
teries? The ships that we have now con- 
structed are perfectly capable of attacking 
land batteries. Iron-plated ships are 
absolutely necessary for that purpose, and 
those of the present construction amply 
suffice. But to accompany and protect 
the new fleet of the future we must have 
quite another classof steamships. First, 
it must be a ship from 5,000 to 7,000 tons 
nominal ; secondly, it must go certainly 
15 knots an hour; thirdly, it must be 
much more manageable and quick in its 
movements than even the most manage- 
able and quick of those that we have now 
got. I have taken the opportunity of con- 
versing with all the admirals who are 
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most likely and able to command the 
fleets to attack us, and I have gone with 
them thoroughly into this question. I 
have also had the privilege of conversing 
with the most distinguished officers who 
are likely to command our fleets. I will 
give you the conclusion, which many of 
them will refuse to admit in public, but 
which I think it is the interest of the Brit- 
ish nation thoroughly to know and deeply 
to weigh. It is agreed by the most able 
sailors I know that the one weapon to 
fight with is stem on. Though he will 
deny it, and say he will not do it, the one 
intention of every man who is likely to 
command a fleet is to give the enemy his 
stem on, and run him down at all risks. 
May I say that the weapons constructed 
for this fence are not the weapons best 
suited for this practical purpose? I, 
therefore, earnestly call upon all naval 
constructors here present to give their 
minds with the most untiring devotion to 
the one fence of running down. You 
will see that other nations have thought 
of that, and made their preparations for 
it to a far greater extent than we are do- 
ing, or possibly have any notion of doing. 
Now that leads us to the next question— 
what guns shall these ships have? and 
what protection shall the ships have? I 
think it is not necessary that they should 
have protected batteries of guns. It is 
indispensable that the engines, the boilers, 
the magazines, and all the essential ele- 
ments of the ship, should be thoroughly 
protected ; but Ido not think that the 
gun-deck of such ships requires any but 





a small protection, because with this new 
fence the battle of the sea is over in a 
very few minutes. Consider what a naval 
engagement must be between two such 
ships. I see my enemy coming towards 
me ; I either run‘away, or I do not, or I 
go forward ; if I run away the less that 
is said about that the better ; if I lie still 
there will be nothing to say, therefore I 
go to meet my enemy. When we meet, 
what is the great point between us? 
Which shall give the other the stem. It 
is not a question of how many shots I 
shall fire out of a round turret. When 
we get close to one another one of us 
succeeds in running into the other; if 
not, we both sheer off, and then is the 
time, and only for a moment, when the 
guns are wanted—not one, or two, or three 
guns, fired at a long range, but a broad- 
side of the greatest number of guns you 
can have ready loaded to discharge as 
you turn. What you want is a broadside 
of the largest guns you can place on 
board the ship, thoroughly unprotected, 
with competent gunners, who, I may say, 
do not care two straws for the protection 
you are offering them. That broadside 
must be discharged in a moment, and the 
larger mass of shot you can, at that 
critical instant, pour into your enemy, 
the better. Then you go away, turn 
round, and come back again. That is 
the mode in which a battle must now be 
fought out. Am I wrong in saying that 
such a battle requires a totally different 
— from any that we have hitherto 
d? 





THE BOUTET 


BALANCOIRE. 


From “ Engineering.” 


We notice that Charles Boutet has, not 
a little to the discredit of the Patent Office, 
obtained protection for his bridge ; there 
really ought to be exercised sufficient 
supervision to prevent such so-called in- 
ventions from being sanctioned, as they 
are, to a certain extent, by the stamp of 
the Great Seal. Thus,.notorious Pidding 
knows well that whenever he obtains pro- 
visional protection for some nonsense, he 
can always find a certainnumber, who are 
to be led into the belief that a patent is 
equivalent to a “ Royal Charter”—words of 
vague but portentous meaning to the igno- 











rant. Whether Mr. Boutet seeks further to 
establish himself by the help of his patent, 
we know not; possibly a pressure has 
been brought to bear upon him similar to 
that recently developed in the case of the 
Fenian leaders, whose followers insisted 
upon smelling powder or getting their 
money returned. This is, however, beside 
the question. Mr. Boutet is laboring hard 
at the cause he has taken up, and the pub- 
lication of his patent and its accompany- 
ing drawings gives us an insight, we pre- 
sume, into his latest designs. That these 
are thoroughly in keeping with all that 
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the patentee has hitherto done is to be 
expected, and we take it for granted that 
the drawings illustrate the method on 
which the 100-metre model of which more 
or less has been said, and that is a fac- 
simile of the great 3,280-ft. channel spans, 
has been constructed. There are six dis- 
tinct features in the patent: the cable 
lattice, the piers and mode of sinking 
them, the means of straightening the 
cables, the means for twisting the cables, 
and the hand-rail upon which the stability 
of the bridge depends. In addition, there 
is shown and described an arrangement 
for deep-sea levelling—a plan for ground 
and bottom fishing Mr. Boutet should sub- 
mit to the consideration of submarine tele- 
graph engineers. 

Mr. Boutet shows a drawing of a bridge 
of which the abutments are 108 ft. high, 
and the span some 180 ft., although, as 
this latter is broken in the centre, and as 
length of span is a matter of no moment, 
we may presume it represents a bay, say, 
3,280 ft. long. Upon each of these abut- 
ments is placed a bed-plate with bearings 
for the cables to lie in, and an adjusting 
arrangement consisting of a slide resting 
in a cast-iron frame, and carrying, by 
means of brackets, a bar, upon which the 
ends of the cables are looped. A series 
of screws are added by which the slides 
can be set up, and the cable straightened. 
The cables are shown about 9 in. in dia- 
meter, and are stretched from abutment 
to abutment, parallel to each other, and 
about 2 ft. apart in a horizontal row, 
smaller cables being introduced trans- 
versely at certain intervals to bind the 
others together. This web is then sand- 
wiched between two rows of planking, 
the upper one being made of oak, the 
lower one of deal, and the network is thus 
“held firmly between the two plank sur- 
faces or floors.” Transverse beams (they 
are called longitudinal in the specification ) 
are placed at regular distances, and to 
them are fixed the hand railings, which 
not only “serve as railings to fence or 
protect the passengers, but also add to 
the vertical rigidity of the structure.” 
N. B.—The patent drawings show this 
hand-rail some 23 ft. in height. In long 


spans the inventor reduces the area of his 
cables by making them in short lengths, 
and linking them to transverse burs, the 
number and size of the cables decreasing 
towards the centre from the abutments. 








In order to straighten the cables—for it 
must not be forgotten that Mr. Boutet 
maintains that he does make them quite 
horizontal and even cambered—a primi- 
tive device of a train of levers is patented, 
and a common arrangement for twisting 
the wires is also shown. 

This wonderful bridge consists, then, of 
a platform made of a number of ropes 
stretched horizontally (which is impossi- 
ble), and laid parallel to each other woven 
with cross cables, and held at the abut- 
ments as described. It is, in fact, nothing 
but the old rope bridge used in the East 
any time these last 3,000 years, secured 
between two points—and stretched to 
breaking. In all justice, however, to Mr. 
Boutet, it must not be forgotten that we 
are describing only the invention as 
noticed in the specification ; he may have, 
of course, something entirely different, 
and which deserves the eulogies bestowed 
upon it. But we have only to do with 
the matter before us, and are bound in 
the meantime to conclude that the inven- 
tion is fully and completely set forth in 
the patent. According to the description, 
Mr. Boutet evidently relies upon his tim- 
bering and hand-rail for the stiffness of 
his structure, and this could, of course, 
be effected in the small models ; while in 
the 100 metre span they would be equally 
utilized. But it is scarcely necessary to 
point out the utter absurdity of such an 
arrangement in the extravagant spans 
Boutet speaks of. 

The introduction of the cables is, indeed, 
worse than useless, and the less we hear 
about them the better. And here we 
must again call attention to the fact that 
only recently a journal of high standing 
and influence has drawn public attention 
to the Boutet bridge as a marvel of 
strength and engineering skill ; a pane- 
gyric the “Scientific Review” has endorsed 
by reproduction. In that notice Mr. 
Page’s remarks, delivered in the course of 
a paper read not long ago at the Society 
of Arts, have been wofully misunder- 
stood. When will periodicals, whose 
duty it is to guide, cease to impede the 
real cause of progress by injudicious 
advocacy ? 





NEw cylindical iron railway carriage 
has been patented by Mr. N. Maccart- 
ney, of Glasgow. 
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THE STRENGTH OF BOILER PLATES. 


From ‘‘The Engineer ”’ 


We are not about to speak of any of the 
fantastical theories once advanced to ex- 
plain boiler explosions ; we shall deal with 
a single question, believing that our read- 
ers will find quite sufficient food for 
thought in its consideration to last them 
for some time to come. This question is, 
do boiler plates become brittle in use, or 
do they not? In other words, does a plate 
in a boiler gradually deteriorate in quality, 
or does itnot ? Whether a rail deteriorates 
or not, is a question which has been hotly 
disputed, but, until very recently, no one 
thought of assuming that a boiler plate, 


externally sound and free from corrosion | 


or marks of overheating, could be other- 


wise than as good as when it was worked | 


up by the plater. It just begins to dawn 
on the members of our profession that it 
is possible that a plate may undergo mole- 
cular change of some kind during twenty 
years or so of work, and this once proved, 
a most important addition will have been 
made to our knowledge. We have no 
doubt whatever that boiler plates do, un- 
der certain circumstances, undergo a rapid 
degradation of character, resulting in ab- 


solute untrustworthiness or ultimate fail- 
ure. It is not difficult to adduce evidence 
| in favor of this belief, or a theory to ex- 
| plain it; we shall give both; not that 
either fact or theory is in any sense con- 
| clusive, but because both are suggestive, 
/and may—we trust will—lead to further 
_inquiry—the foundation of all knowledge. 

In a recent impression* we described 
the results of certain experiments con- 
ducted by Mr. Carmichael, to determine 
the strength of boiler plates many years 
in use. We, at the time, made a request, 
_which we now repeat, namely, that when- 
ever an old boiler is broken up steps shall 
be taken previously to test its absolute 
strength ; and the results placed on record 
in our pages or otherwise made public. 
One gentleman of large experience has 
courteously responded to our invitation, 
and sent us particulars of some tests of 
certain boiler plates which had been frac- 
tured in an explosion, it is unnecessary 
to say where. The strips were cut out 
| where they could be got. Nos. 1 and 2 
| were old plates ; No. 3 had been a repair 
plate :— 











No. Area of section. Broke with tons. pg emg Stretch. — 
: 4556 9 5-20 20 6-20 5 per cent. 6 per cent, 
2 -4690 8 5-20 17 11-20 4 sed 4 = 
3 -4824 10 5-20 21 4-20 — 5 = 5 m 

















The boiler was one of the egg-ended 
cylindrical type, plated longitudinally, and 
had been in use about fourteen years. The 
pieces Nos. 1 and 2 were hard, and frac- 
tured soon after they left the line of the 
plate ; No. 3 stood a fair test. “These,” 
writes our informant, “are deserving of 


attention, as showing that a brittle or 
hard plate may give a good result to a 
direct strain.” 

The next results are from a rent plate 
from the boiler at Bingley, which exploded 
in June last; the strips were each way of the 
grain, and gave exactly the same results: 








= 











‘ ‘ Breaking strain Contraction at frac- 
No, Area of section. Broke with tons, per sq. in. area. Stretch. tured part. 
4 .5289 11 10-20 21 14-20 3 per cent. 5 per cent. 
5 -5289 11 10-20 21 14-20 3 ” 5 “ 














These were subjected to other tests, as 
follows :—A, strip hot, bent inside of the 





*« The Engineer” for April 224. 


plate outside, the ends were brought toge- 
ther, and there was found to be a small 
crack acroas the bend ; B, astrip hot, out- 
side of plate, outside of bend—wide frac- 
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ture ; C, strip cold, broken from inside ; 
D, strip cold, broken from outside ; E, F, 
G, broken across the grain, with the grain 
and diagonally—broken cold. The re- 
sults of C, D, E, F, G, were similar, show- 
ing that the outside of the plate was dete- 
riorated and crystallized, but that the 
inside was fibrous and of fair quality ; H, 
strip of plate, set cold from the outside— 
a slight crack was found at the angle of 4 
deg. ; J, strip set cold from the inside to 
the angle of 13 deg., at which a slight crack 
was found. The letters refer to the labels 
on the specimens. This plate was taken 
from the shell, and was said to be an ori- 
ginal plate, having been in the boiler for 
twelve years. 

Now, itis to the last degree unlikely 
that any boiler maker, with the least re- 
gard for his reputation, would use a plate 
so brittle that it stretched but 3 per cent., 
when we bear in mind that a good boiler 
plate will stretch from 7 per cent. to 14 
per cent., and even more. It is a legiti- 
mate deduction, we think, from the fore- 
going figures, that the plates deteriorated 
in quality during service. It remains 
to be seen how such deterioration was 
brought about; and this leads straight 
up toa theory—or, more strictly speaking, 
the sketch of a theory—which we have 
already referred to. 

Many able engineers hold that no dete- 
rioration whatever—always excepting cor- 
rosion—can take place in a bar or plate of 
iron, unless it is taxed above its limit of 
elasticity. Whether this is or is not true 
of plates, bars, or rails, at normal tempe- 
ratures, we shall not stop to inquire. It 
is not true, in our opinion, of boiler plates, 
or of any other forms of iron exposed to 
considerable degrees of heat. M. Tresca 
has shown very conclusively that iron will 
“ flow,” even in the apparently solid state, 
in a way precisely similar to ice in a gla- 
cier, or the lead “squirted” into bullet 
bars under hydraulic pressure ; all that 
is necessary is time and power. It may 
be safely assumed that there is no sub- 
stance in nature which can not be made 
to “flow.” In other words, that an abso- 
lutely rigid solid, a something the mole- 
cules of which do not and cannot change 
their position with regard to themselves 
and extraneous objects, has no existence 
save in theory. It is also certain that 
heat operates powerfully in promoting the 





flow of solids. Who will maintain, then, | 


that the molecules making up the plates 
of a boiler, said plates being exposed to a 
temperature on one side of perhaps 200 
deg., while the other is in contact with 
water at, say, 220 deg. or 280 deg., will not 
change places and assume new relations 
towards each other under the influence 
of heat, strain, and motion combined ? We 
say motion, for it must be borne in mind 
that every boiler is continually changing 
its shape from hour to hour, or even min- 
ute to minute, as the pressure and tempe- 
rature vary. To fancy that these influ- 
ences—heat, strain, and motion—can con- 
tinue to operate for years without bringing 
about some change in the structure of a 
boiler plate, is to assume that the mole- 
cules possess a degree of immobility which 
they do not possess. If we apply a heavy 
strain to a piece of plate we can upset all 
relations previously existing between its 
component particles ; the plate contracts 
and becomes hard. Have we the least 
ground for assuming that under a less 
strain no change will take place ? Expe- 
riment clearly proves the contrary, and we 
need not dispute the point. In the very 
experiments we have recorded it appears 
that the outside of a plate exposed toa 
high temperature becomes crystalline, 
while the inside remains fibrous and sound. 

Our theory is, then, that all boiler plates 
undergo a change in quality by the lapse 
of time, and under the influence of heat, 
strain and motion ; that such a change 
leads up to explosions ; and that the en- 
gineering community knows nothing with 
certainty about this deterioration, and this 
is the higher ignorance of which we have 
spoken. It is simply a coincidence, an ac- 
cident of nature, which we cannot explain, 
that this change should result in 
tough iron becoming brittle and untrust- 
worthy, instead of sound and tough. We 
by no means pretend that this deteriora- 
tion is the invariable cause of boiler ex- 
plosions ; but it no doubt conduces to 
their occurrence, and certainly increases 
the destruction of life and property. A 
tough boiler will open and leak, when a 
brittle boiler will fly to atoms ; and in this 
brittleness, no doubt, is to be found the 
primary and efficient cause of the ruin 
which attends the failure of an old boiler. 
It remains to those interested to investi- 
gate this theory, and endeavor, by prac- 
tical tests, to ascertain whether there is 
or is not some law or laws in obedience 
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to which the work of deterioration pro- 
ceeds ; whether, and to what extent, if 
any, different makes of iron suffer more 
or less deterioration ; and how many years 


lof fair service should be regarded as 


enough to secure the superannuation of a 
boiler, even though it may appear to be 
perfectly sound. 





DESCRIPTION OF THE ROCK-SALT MINES AND SALT MANUFAC- 
TURE IN CHESHIRE. 


From “ The Mining Journal.”’ 


Rock-salt is said to have been first 
discovered in Cheshire in the year 1670, 
in boring for coal; but the manufacture 
of salt from brine springs appears to have 
been carried on some centuries previous 
to this. The Trias and Permian forma- 
tions have been described as follows— 
under the Lias—in Cheshire and Lanca- 
shire : 


1.—Keuper marls of Cheshire. 
2.—Upper New Red Sandstone, or bunter. 





3. ae and blue marls, with lime- 
stone. 
4.—Permian—Lower New Red Sandstone. | 
5.—Coul measures. 
The rock-salt in Cheshire occurs in the | 
Keuper marls ; these are stated to be 200 | 
yards in depth, but the total depth is | 
probably much more than this. There | 
are seven salt mines at present in opera- 
tion in the neighborhood of Northwich, 
named in the order of quantity of rock- 
salt raised, as follows : 


Name. Proprietors, 
1.—Marston Hall.......... Mr. W. Hayes. 
2.—Platts Hill ............ Mr. Thompson. 

os wD gad ah nanele Mr. W. Stubbs. 
4.— Me esirand mien een Mr. Judson. 
— Bed eo cceraaen sna Mr. Williamson. 
6.—Old Marston .......... Messrs. Fletcherand 
Rigby. 
7.— | ppaipleusaeed Messrs. Thompson 


and Jackson. 


Besides these there are 7 or 8 other salt 
mines suspended. The area of rock-salt 
that has been proved in this district is 
considered to be about 4 sq. miles. It 
does not vary much in depth, being gener- 
ally found at 108 yards, from the surface 
to the bottom of the rock-salt. 

The Marston Hall Mine produces up- 
wards of 40,000 tons of rock-salt yearly ; 
this is about one-half the total quantity 
worked near Northwich. The mine is 


leased from Lord de Tabley. The lease 
of mineral was originally within a radius 
of 7 chains from the pit, and 15 acres in 
area; this has been increased, the area 
now amounting to 50 Cheshire acres. The 





mine has been in operation 20 years. 
There are two pits at Marston Hall, about 
12 yards apart, sunk through the salt 
beds ; the depth is 105 yards to the floor 
of the bed that is worked. This bed is 14 
ft. thick, of nearly pure salt. 


STRATA PASSED THROUGH IN THE PITS AT MARSTON 
HALL. 


err 
2.—Brown soft marl 
3.—Brown friable earth, beds of blue 


marl, and gypsum .............. 0 0 
4.—Inferior rock-salt, not 

worked........... 30 yd. Oft. 0 in. 
5.—Brown metal, or marl 

I va ciccoiaeeuee-wic 0 0 
6.—Blue metal, or marl 

re 0 
7.—Inferior rock-salt, not 

worked......... ..15 0 0 
8.—Bed of clean rock-salt 

worked........... 4 2 0=59 2 0 
9.—Inferior rock-salt..... 2 2 0 
10.— Hard brown clay wo 

| es aera eer ree 105 0 0 


The earth at No. 3 is not a marl; vegeta- 
tion will not grow in it—where found, it 
is an indication of the existence of rock- 
salt below. Beds Nos. 4, 7, and 9, are 
not worked; the rock-salt is intermixed 
with blue and brown marl. The rock-salt 
working is generally confined to No. 8 
bed. The bed of clay, No. 10, has been 
sunk into 60 yards in the locality, but not 
through it, so that the extent of the salif- 
erous beds cannot be said to be fully 
ascertained until the upper New Red 
Sandstone is reached. 

The shafts for the first 40 yards are 
secured with timber, and are made 4 ft. 
sq.; below that, 30 yards of cast-iron 
cylinders are inserted; these are of 3} ft. 
internal diameter ; they were placed after 
the shafts had been completely sunk ; each 
cylinder is 9 ft. high, the full circle of the 
shaft ; they are bolted and wedged at the 
joints, and filled behind with cement. By 
this means the springs usually found at 
the top of the rock-salt are completely 
excluded, and the mine is perfectly dry. 
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On descending into the mine the extent 
and height of the excavation, and the 
remarkable strength of the rock-salt roof, 
are the most striking points to a stranger. 
The bed worked—No. 8 in the section— 
is generally 14 ft. thick, it is got in two 
divisions, the top part, 5} ft. thick, is first 
got; then the lower part, 8} ft., is got a 
few yards behind ; these are worked in a 
continuous face, with pillars intervening 
at proper distances. Pillars are left 10 
yards by 8, with spaces of 30 yards between 
them, each way. About ,, of the whole 
is thus left in pillars ; as the working faces 
extend further from the shafts a larger 
proportion is left in pillars. Powder is 
used largely for blasting, about 1 ewt. is 
consumed daily. The roads at the work- 
ing face are laid 10 to 12 yards apart, 3 
ft. gauge ; the same buckets are used on 
these roads as in the shafts; they are 
placed on a wooden frame ; the frame is 
fastened below the axles ; flanged wheels 
run on iron bars as rails; sixty persons 
are employed underground, from 7 a. . 
until 4 or 5 p.m. About 20 acres of the 
14-ft. bed have been extracted. No timber 
or other support than the pillars is 
required. The bed has a slight fall to the 
east. About 3 ft. of the floor and the 
same thickness of the roof is being got in 
2 or 3 places, but the rock-salt is inter- 
mixed so much with marl as to be not 
worth working for general purposes at the 
present day. The mine is quite dry; great 
care is taken to exclude water from the 
works, otherwise it might be better to let 
them fill up with water, and pump brine 
from them for the manufacture of white 
salt. The rock-salt, as worked, contains 
by analysis 97 per cent. of chloride of 
sodium (common salt) and 3 per cent. of 
other ingredients. Its color varies from 
nearly white to dark brown. Natural 
ventilation is depended on in winter ; in 
summer some artificial means is needed to 
clear the mine of smoke. 

The winding-engine at Marston Hall is 
a 21-in. beam-engine, 4}-ft. stroke, two 
flat-rope drums, 5 ft. in diameter on sec- 
ond motion. Two Lancashire boilers, 25 
Ibs. steam pressure. One rope works to 
each shaft in front of the engine. Hemp 
ropes only are used, and one will wear 
two years; wire-rope would not be at all 
durable here, owing to the well-known ac- 
tion of salt and water on iron. The same 
engine pumps surface water occasionally, 








and drives a circular saw. Recently inge- 
nious machinery has been erected for 
grinding rock-salt ; this is effected by a 
16-in. horizontal engine, 3 ft. stroke. The 
rock-salt is first broken by one of Blake’s 
crushers, from this the material is carried 
horizontally some distance by an Archi- 
medean screw; it is then raised by a bucket 
elevator, from whence it descends to the 
grinding rolls. From the rolls the crushed 
rock is taken horizontally by a screw to 
the foot of another elevator, by which it is 
raised to the vibrating riddle ; the rock- 
salt by this is separated into two sorts, 
rough and fine. The rough is used in the 
manufacture of copper and in alkali works; 
the fine, resembling sand, is used for agri- 
cultural purposes. A large proportion of 
rock-salt is sent away in lumps, a better 
price being obtained for large selected 
pieces. This is exported extensively to 
Holland and Belgium, and there manu- 
factured. No white salt is admitted into 
these countries. 

Ata short distance from the drawing 
shafts a shaft is sunk to the rock-salt to 
the depth of 40 yards. A small engine is 
erected to pump brine from it by a con- 
necting rod and T-bob and 6-in pump; the 
pump is close-topped, and by that means 
the brine is elevated a sufficient height 
to run to a large cistern, from whence 
the brine is run to the evaporating pans 
as required. There are three pans in op- 
eration, 60 by 30 ft. each, for the manu- 
facture of white salt ; each pan is heated 
by four fires. The Marston Hall Works 
are situated near to the Trent and Mersey 
or Grand Trunk Canal. There isa branch 
railway of 1 miles to join the Cheshire 
Midland Railway at Northwich. 

Another branch of the works, also be- 
longing to Mr. Hayes, is at Anderton, one 
mile distant from the mine. There are 16 
evaporating pans here, 60 ft. by 30 ft. 
The works are devoted solely to the man- 
ufacture of white salt, from the saline 
springs, pumped from two shafts in the 
immediate neighborhood. The Anderton 
brine is understood to be fully saturated ; 
it contains 10 times as much salt as sea- 
water. One gallon of brine yields about 
42 oz. of common salt. The analysis of 
this salt gives 92 per cent. of chloride of 
sodium and 8 per cent. of water. The pro- 
duction of white salt is about 30,000 tons 
per year. Other two companies—the Brit- 
ish Salt Company and Darcey and Gibson 
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—have works adjoining to Mr. Hayes, the | consequent on the pumping. Nearly ev- 
produce from each of which is about the | ery house in Northwich may be said to be 
same as that named. For making stoved | damaged by undermining, though there is 
or fine butter salt, the brine is heated to | no brine pumped in the immediate locality. 


the boiling point ; this is 226 deg. For 
common rough salt about 160 deg. of heat 
is applied. For large-grained crystalline 
salt, yor fisheries, the brine is heated from 
100 to 110 deg ; no agitation is then pro- 
duced, and the salt forms naturally in 
large cubical crystals. There are two 
shafts about 20 yards apart, sunk to the 
brine springs near the works above re- 
ferred to; they are 75 yards in depth, to 
the top of the rock-salt. A pumping en- 
gine is erected at the top of each shaft. 
Each is a 24-in. beam engine, on second 
motion. From the second shaft motion is 
communicated by means of two cranks 
and connecting rods to two beams fixed on 
the front wall of the house ; to the outer 
ends of these beams the pump rods are 
attached. There are two pumps to each 
engine, being 8} in. close-topped bucket 
lifts. The four pumps supply three res- 
ervoirs, one appropriated to each work, 
from whence the brine runs to the evapo- 
rating pans. The brine springs are al- 
ways found at the top of the rock-salt ; 
the pumping operations occasion a great 
subsidence of the ground, over a much 
larger area than has been ascribed to the 
deposit of rock-salt. With every addition 
of fresh water derived from the surface 
more salt is dissolved, and thus a continu- 
al extraction and undermining is going on, 





The produce of the Anderton Works is 
sent away, either by the Trent and Mersey 
Canal or by the River Weaver, which is 
navigable to Winsford, 7 miles from An- 
derton. There are five other works near 
Anderton where salt is made from the 
saline springs raised in their neighbor- 
hood, besides eight near Marston, and 
seven near Northwich, and several at 
Winsford also manufacture salt from the 
springs. Notwithstanding the constant 
demand for this prime necessary of life, 
and the fresh uses to which it is applied, 
as in the manufacture of copper, and for 
agricultural and other purposes, the trade 
is not in a flourishing state; the produc- 
tion more than keeps pace with the de- 
mand, and the produce from other dis- 
tricts has come into competition in the 
markets where Cheshire salt has been ex- 
clusively used. Rock-salt is now sent 
from Belfast by sea to supply the Newcas- 
tle and Glasgow chemical works; this has, 
to some extent, reduced the working of 
the Northwich mines. 

Salt is manufactured from brine in the 
neighborhood of Droitwich, in Worcester- 
shire; this has for a long period supplied 
a certain district with salt. Staffordshire 
also produced salt some years ago, from 
brine springs, but the manufacture, we 
understand, has ceased. 





DRINKING FOUNTAINS AND PURE SPRING WATER. 


From “ The Builder.” 


It is a curious thing to note"how the 
great powers that be sometimes go about 
things. There are two important ques- 
tions at this moment before the British 


of fountains, as they are termed, have 
been put up by it in all the poorer dis- 
tricts of London, for the purpose of sup- 
plying people with what the Drinking 


Parliament, of most momentous import | Fountain Society call “pure and whole- 


to the whole British public: one is, that 
the said public shall be from henceforth 
compulsorily educated ; and the other is, 
that intoxicating liquors generally 
should either cease to be drunk 
altogether, or, at least, the sale of them 
confined to very fashionable _locali- 


ties ; and, to help to wean the poor help- | cold out.” 


some water.” Now, it is a curious fact, 
that all the fountains are carefully boarded 
up and the water-supply from them made 
to cease during the whole of the winter 
months and cold weather ; indeed, just at 
the time when the sale of spirituous 
liquors is at its maximum, “to keep the 
Why isthis? Surely the pub- 





less public from the temptations of lic, the lower orders, must drink in the 


alcoholic liquors, a society some time 
since sprang into existence, and a series 


cold weather as well as in the hot; and 
| the temptations to go astray are quite as 
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great, if not greater, in the cold of winter 


as in the heat of summer. But so it is, 
and undoubtedly it is all right and pro- 
per; but as the season has just com- 
menced when all these boarded-up 
fountains are uncovered, and the water 
from them allowed to flow again (at least 
by day, for we have found them shut 
up through the night, even in summer), 
it seems worth while to say a few words 
about these drinking-fountains, on the 
fountains themselves architecturally, and 
on the sort and amount of water which 
they supply. For this purpose we would 
call attention to the recent elaborate and 
instructive Report, with an appendix, on 
the subject of the London water supply ; 
it would seem to call for some notice be- 
yond what it is likely to meet with at the 
hands of those who look on it only as a 
sanitary matter. We are what is called a 
practical people, so that in the event of 





‘into tanks or cisterns. 


plan has not been devised for collecting 
pure rain-water from the tops of houses 
This would be a 
fourth mode of water-collecting. Rain, 
it is said, is the very purest and softest of 
all waters, it being the result originally of 
simple evaporation. If a glassful of 
Thames water be simply allowed to settle 
so as to become clear by the mud falling 
to the bottom of the glass, this water on 
being tasted will be found to be soft and 
almost like June rain-water. Or, should 
any one be bold enough and hardy enough 
to bathe in the river, he will find the water 
delightfully soft and pure—pure barring 
the mud. If, then, after these two simple 
but bold experiments, the same person 
will dive into a common plunge-bath, and 
venture to taste the water from one of the 
common drinking “ fountains,” as they are 
so poetically called, he will discover that 
though the water be said to come from 


any change for the better taking place, |the same source—the Thames, the bath 
either in the kind of water supplied to | water will feel like pounded ice, and as 


Londoners, or in the mode of its supply, 
we may be quite sure that art will come in 
but for very meagre notice, if for any at 
all. A few words, therefore, may not 
come amiss about it before anything is 
finally determined on. To begin at the 
beginning. Rain, says the “ Report,” is 
the source from which all water-supply is 
obtained, and there are three modes by 
which the water thus provided by nature 
is made available for the supply of towns. 
We ask attention to them. The /irst is to 
bore down into the porous strata, and thus 
to come directly to the purest of all water, 
that which springs up into wells, and 
which sometimes reaches the surface and 
bubbles up as springs. Secondly, that 
which is obtained from rivers, and which 
is the natural drainage of a country. 
The Thames thus drains not less than 
6,000 square miles of land, 7.e., the rain- 
fall over this area falls into the river-bed. 
The third mode is by forming large re- 
servoirs in hilly districts, and then to col- 
lect and store up in them the rain or 
surface water, this being conveyed by 
pipes to where it is wanted. Be it ob- 
served, that none of these methods insures 
the collection of pure rain-water, the 
water being necessarily mixed with earthy 
and mineral matter by the fact of its 
passing through or over the ground on 
which it falls. It seems, therefore, a 
pity, as we have before urged, that some 





hard ; and the taste from the “ fountain” 
like unto some diabolical semi-warm mix- 
ture of he knows not what; as hard as 
cast-iron and about as palatable! What, 
therefore, we would ask, do the water 
companies do with the water? Why 
not leave it alone, and allow the 
pure river water, after depositing its mud 
to find its way into baths and fountains 
in its natural state ? 

But, it may be asked, why take the 
“river” water, with all its impurities, 
about which there is so much in this Re- 
port, all the great scicntific authorities 
contradicting each other about it, no two 
of them seeming to agree? Now, it so 
happens, says the Report, that no less 
than two-thirds of the Thames basin con- 
sist of porous and permeable strata, such 
as chalk, oolitic limestone, and sand and 
sandstones of various kinds, all of which 
receive and absorb a large proportion of 
the rainfall, and store it up in vast sub- 
terranean reservoirs, forming well and 
spring water, water made pure and pala- 
table by great natural processes, costing 
nothing but the getting at it, by the sink- 
ing of wells and pump-pipes. This grand 
natural process reduces organic matters 
to a minimum, and mineral matters to the 
smallest amount; is independent of the 
seasons ; gives uniform temperature, and 
the filtering process as perfect as can be ; 
for, as the “sections ” show, from 50 ft. to 
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300 ft. thick of sand, or limestone, or 
chalk, are gone through. It is something 
wonderful what an amount of evil is 
put up with by the poor British public. 
There is all this exhaustless supply of 
the purest and best of water under our 
very feet, and needing only the most 
common of mechanical appliances to 
come at; yet it is never even thought 
about, while the substance called water 
in common use is really unfit for any 
purpose whatever, either for washing or 
drinking. 

But there is another aspect of this im- 
portant subject which will, if not at pres- 
ent, at some future day meet with the 
attention which it is worth. If we travel 
into countries and towns uncivilized and 
barbarous enough, such as Constantinople, 
or Damascus, or even Utah, on the Salt 
Lake, it will be found that not only is 
there a plentiful—nay, magnificently 
liberal supply of the purest and most 
delicious of water—but no pains and ex- 
pense have been spared to render this 
supply not only complete, but pleasant to 
the eyesight. The reader will see nothing 
of this in the Report. London and Con- 
stantinople or Damascus are wide enough 
apart ; but in the last-named cities the 
water is alike utilized and made beautiful. 
Instead of the little dribbling, sickly 
streams which flow from our drinking 
fountains, and which take their time to 
fill a wineglass, and which in most cases 
spout out of a foot or two of paving-stone 
into a shallow basin, the size of a common 
dinner-plate, the real fountains to be 
found in those far-off and barbarous cities 
are really works of art, to be seen a mile 
off, with water enough to be at least seen 
and heard as it falls ; a something to 
pause to look at, and a happiness to see. 
A photograph of a beautiful fountain 
worthy of the name, near the “Sweet 
Waters” of Asia, and quite a gem of 
Moslem architecture, may be seen in 
Gautier’s Constantinople, together with 
another—but far too big and luxurious 
for our shopkeeping nations—that of the 
fountain of the Sultan Selim. Constan- 
tinople, be it observed, is a barbarous and 
almost heathen place, and a remnant of 
old and fast-failing times and ways of 
work, and unhappily modern improve- 
ment will consist, when it thoroughly 
seizes hold of this place, in doing away 
with all these quaint “water supplies,” 





and substituting ‘taps ” everywhere. Let 
the intelligent artist reader balance the 
loss and gain mentally and bodily. Lon- 
don improvements would seem now to 
consist mainly in pulling down as many 
houses as possible, and forming large, 
awkward, open waste spaces; would it 
not, we would ask, be a good plan to 
occupy some of these with drinking 
fountains worthy, at least, of the name, 
with the water supplied from the lower 
strata, as explained in the Report,—i. e., 
with well or spring water, of which there 
is such an inexhaustible supply. Such 
water is always pure, drinkable, and of 
even temperature, and constant in quan- 
tity. In these fountains the watr for 
which they are constructed should show 
itself visibly—i. ¢., it should be seen that 
the fountain was made for the water, and 
not the water for the fountain ;—large 
open basins and a perpetually running 
stream. It would be difficult to devise a 
plan more likely to be acceptable to the 
public, especially the poorer and out-door 
public. It would be easy to name some 
score of open spaces where “fountains ” 
such as we have indicated would be useful 
and desirable. Nothing can be worse 
than the now so fashionable mode of im- 
proving London. Everything is destroyed, 
and there is nothing in idea to replace 
the old plan of streets, bad as they are 
thought to have been, or are. We may, 
before it is too late, learn something from 
Constantinople and other of those distant 
and really wonderful places, truly called 
cities, built and planned so long before 
science and “art principles” had any 
existence, but yet at a time and by a race 
of men whose ways we may well try to 
recall and humbly imitate and follow. 
There is, surely, a long distance between 
a Turk and an Englishman ; and if the 
Sultan and his subjects are to be civilized 
by the adoption of English ways, let us 
borrow something from them before it is 
lost for ever. 

One other thing there is in this water- 
supply question which ought not to pass 
without notice, as it is not a little curious, 
and shows the universality of the great 
laws of nature. Everybody has heard of 
the impurity of London river-water, one 
way or another ; but the Report says, that 
taking properly-filtered samples of Thames 
water, we shall see an “extraordinary regu- 
larity in the albuminoid character of good 
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town waters during summer months.” 
Thus it would appear, that Thames water, 
Manchester water, Edinburgh water, and 
Glasgow water from Loch Katrine, show 
ina most remarkable way the great con- 
stancy in the amount of such impurities 
as ammonia. Thames water gets even 
sewage. Manchester water comes off the 













moorlands of Derbyshire, so it is pure ; 
Edinburgh, from springs some miles from 
the city itself, yet is the percentage of 
ammonia nearly uniform. It is certain, 
therefore, that there are great natural 
processes at work, always tending to 
equalize the quality of all natural water 
that is freely exposed to air and light. 





THE “ VICTORIA” STONE. 


(From ‘ Engineering.” _, 


It has always been the aim of practical 
workers in the fields of science, to effect 
@ combination of material which should 
give a substance capable of taking the 
place of natural stone in the constructive 
arts. One of the most striking and beau- 
tiful results is witnessed in the concrete 
stone with which the public are now 
generally familiar. In a lesser degree 
we see the same effects produced in terra- 
cotta and in various forms of brick and 
pottery ware. In all these, however, heat 
is required either to effect the disintegra- 
tion or combination of the elements com- 
posing the material, But an entirely new 
process has recently been perfected by 
the Rev. H. Highton for effecting the 
same object in which the aid of heat is 
entirely dispensed with. The process of 
manufacture is as simple as it is efficient, 
and consists in mixing broken granite 
with hydraulic cement and steeping the 
whole when set in a solution of silica. 
This manufacture is now being carried 
out by the Victoria Stone Company, at 
whose works in the Bonner road, Victoria 
park, we recently witnessed the process in 
operation. Two kinds of granite are 





used, Mount Sorrel and Guernsey, the 
former being of a brown, and the latter of 
a blue, color. This granite is the refuse 
of the quarries and is broken up into small | 
fragments on the works. It is then mixed 
with Portland cement in the proportions 
of four of granite to one of cement, suffi- 

cient water being added to render it of a | 
pasty consistency. In this state it is filled 
into the moulding frames, and is allowed 
to stand thus for about four days in order | 
to dry and consolidate. After this the 
slab or other object is taken from the 
mould and placed in a solution of silicate 
of soda, where it remains for about two 
days more,when it is ready for the market. | 

































It isin the preparation of the silicate 
solution that the chief merit of the inven- 
tion, in a chemical point of view, lies. 
We need scarcely remind our readers that 
Portland cement, or any other concrete 
into the composition of which lime enters, 
is capable of being rendered extremely 
hard by immersion in the above solution. 
But the great cost of the silicate of soda 
has hitherto prevented the practical ap- 
plication of this fact to the commercial 
production of artificial stone. Besides 
the constant expense of renewal, there 
still remained the fact that the silicate of 
soda after losing its silica by absorption, 
became too caustic for workmen to handle 
conveniently. Working on this idea, 
however, Mr. Highton at length succeeded 
in practically solving the problem of a 
solution which combines economy in cost 
with facility in use and efficiency in re- 
sults. This solution he produces in the 
following manner : The beds beneath the 
chalk formation at Farnham, Surrey, con- 
sists of a large deposit of a soft stone, 
containing about 25 per cent. of silica, 
which has this peculiarity, that it can be 
readily dissolved in a cold solution of 
caustic soda. The soda solution is placed 
in the tanks which are to receive the 
moulded concrete, and the material con- 
taining the silica is ground up and mixed 
with the bath. The lime removing the 
silica from the solution, liberates the cau- 
stic soda, which dissolves fresh silica from 
the Farnham stone. Hence the process is 
continuous, the soda acting as a constant 
carrier of the silica from the stone to the 
cement, and the bath may be kept up to 
the proper degree of strength, and thus 
the work of production may be carried 
on indefinitely. The cost of the silicate 
of soda having been once incurred, there 
is no further expense attending the pro- 
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cess of petrifying the concrete blocks than 
that of obtaining the Farnham stone and 
of using it. Mr. Highton deserves credit 
no less for having obtained flint in this 
shape, than for having applied it in this 
practical manner, which is as simple as it 
is ingenious. 

The material produced by this process 
is known as the Victoria stone, or petrified 
concrete, and the principal objects which 
are moulded from it are flagging, sinks, 
mantel-pieces, coping, and cap stones, 
sills, stairs, and such like articles for 
which is is especially adapted. It is not 
so applicable for finer productions such as 
finely cut mouldings, etc., so that the com- 
pany does not lay itself out for this class 
of work, although we brought away with 
us a small casting of this material, which 
comes out very sharp and clean. Its main 
value will rest in its adaptability for 
heavier goods, such as paving, building 
blocks, ete. In the former capacity it has 
had some fair testing in various parts of 
the metropolis under heavy foot passen- 
ger traffic. Some of the stone is laid in 
the Poultry, just in front of St. Mildred’s 
Church, and some more on Blackfriars 
Bridge, the results hitherto proving most 
satisfactory. The Victoria stone laid is 
only 2 in. thick, as against York paving 3 
and 4in. thick. In the provinces, also, 
it has been long under trial, and i8 well 
spoken of. Being impervious to moisture, 
it soon dries after rain, whilst it is well 
able to resist frost. 

With respect to the strength and dura- 
bility of the Victoria stone it may be 
mentioned that it possesses these proper- 
ties in a much greater degree a few months 
after manufacture than when newly made. 
This increase of strength is attributable to 
the gradual hardening by time, of the 
flint, which is at first thrown down in a 
condition resembling jelly. Thus it is 
found that a slab of the concrete 2 ft. wide 
and 2 in. thick resting loosely on supports 
2 ft. apart, will bear in about 10 days’ 
time an average weight of about 700 lbs. 
in the centre. After having been steeped 
in the silicate bath, however, it will sus- 
tain more than 1,000 lbs., whilst in five 
months it will carry 1,700 lbs., and in nine 
months as much as 2,400 lbs. Mr. Kirk- 
aldy has tested the Victoria stone both for 
resistance to crushing and for transverse 
strength with the following results. A 


beam with a section of 4 in. X 4 in. made 





with a special view of transverse strength, 
resting loosely on supports 20 in. apart, 
sustained a weight of over 4,100 Ibs. in 
the centre, equivalent to nearly 4 tons 
evenly distributed over the beam. The 
crushing strength of the Victoria stone 
was found by Mr. Kirkaldy to be 6,441 lbs. 
per sq in. A block of this stone present- 
ing a surface of about 6 in X 9 in., sus- 
tained a weight of nearly 160 tons. This 
resistance to crushing strain points it out 
as well suited for foundations for heavy 
superstructures. Its cohesion has been 
proved at a London Brewery where it has 
been laid to replace ordinary paving which 
was constantly been broken by the rough 
handling of barrels. Since the Victoria 
stone has been laid not one slab has been 
broken, although the previous flagging 
required constant renewal. In fine, the 
Victoria stone is cheap and simple in pro- 
duction, and appears well calculated to 
successfully compete with ordinary stone 
in the various applications to which we 
have alluded. 





T= sinking of the ground in Turnmill 
street, Clerkenwell, near the Metro- 
politan Railway, was caused, it has been 
discovered, by the falling in of the sew- 
ers, caused by the flooding of the old 
Fleet Ditch. The inhabitants of the 
houses in the neighborhood have been 
kept for weeks in a state of alarm, and a 
great number have left. The railway 
also has been under constant supervision. 
Now that the cause is discovered, steps 
have been taken to make all secure. 





I’ has been found that the hyposulphite 
of soda, which is now manufactured 
very cheaply, for the use of photographers, 
is much better than the common washing 
soda to wash delicate objects. It attacks 
neither the skin of the hands nor the ob- 
jects to be washed, as does the common 
soda ; and at the same time it is an effec- 
tive bleaching agent, and takes out many 
spots better than any other substance. 





tie preliminary works for the con- 
struction of the railway from Puerto 
Cabello to Fonseca Bay are being pro- 
ceeded with, and the plant is being sup- 
plied by the contractor, Mr. Turner ; the 
season being favorable and the country at 
peace. 
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THE VAL-DE-TRAVERS ASPHALT PAVING FOR STONES. 


From ‘‘ The Mechanics’ Magazine.” 


On the 25th ult. Mr. Haywood, the en- 
gineer and surveyor to the City Commis- 


sioners of Sewers, made an official exam- | 


ination as to the results of an experiment 
in street paving upon a new principle, 
in London at least, which has been 
upon its trial in a great thoroughfare in 
the city during the last year and up- 
wards. 
Commissioners, who, among other func- 
tions, are chargeable with the maintenance 
of the public thoroughfares of the city, 
consented to a considerable part of the 
road-way in Threadneedle street being 
covered with what is called Val-de-travers 
asphalt, by way of test. This substance 
has for some years been in use in the 
streets of Paris on rather a large scale, 
without, however, being generally adopt- 
ed. According to a letter written in Jan- 
uary last by the Director of Public Ways 
and Footpaths there, the streets of the 
first and second arrondissements, com- 
prising an area of about 100,000 square 
metres, will shortly be asphalted, the 
crossings being made of stone cubes. 
Comparatively speaking, he says, the 
streets asphalted during the last ten years 
have shown very good results, and such 
as tend to solve the problem so often pro- 
pounded—namely, to construct carriage 
ways possessing the same advantages as 
those formed of granite or macadam, but 
without their drawbacks. The asphalt 
possessing a smooth surface, vehicles 
easily travel upon it without noise. Be- 
sides, it has the further advantage of cre- 
ating neither mud nor dust, and is not 
slippery if properly cleansed. That in 
substance is the testimony, founded on ex- 
perience, of the French authority to whom 
reference has been made. This month 
according to the “ Moniteur Officiel” of 
the 15th ult., will see an extension of the 
asphalt roadways in the centre of .Paris. 
The Place Louvois, the Rue Richelieu, on 
the part adjoining the Boulevards, and 
the Rue Vivienne are to be successively 
finished. Last year, it adds, an important 
part of the city was so transformed, and 
the whole of the district in question will 
receive this great improvement during the 
next year. In the city of London upwards 
of 100 owners and occupiers of premises in 
Old Broad street, assessed to the consoli- 
Von. IIL—No. 2.--11 


In the early part of 1869 the | 


| dated rate at asum exceeding £45,000—a 
| district long enviable for its comparative 
quietude—have lately memorialized the 
| Commissioners of Sewers, urging upon 
' them the necessity of paving it with as- 
| phalt as aremedy for the daily increasing 
| noise and tumult consequent upon the 
| establishment of the railway terminus at 
the northern end of that thoroughfare and 
the augmented traffic, which they say has 
become a great and serious annoyance to 
men engaged in mercantile and profes- 
sional pursuits. They point for relief to 
the experiment in Threadneedle street, 
which they say has been found to answer 
so well, and has proved infinitely prefer- 
able to granite or any other paving now 
in use. In addition to the owners and 
occupiers in Old Broad street, several 
hundred firms, including bankers, mer- 
chants, stockbrokers, solicitors, and 
others, around the Royal Exchange and 
the Bank of England, have petitioned the 
|Commissioners to the same effect. Be- 
sides being perfectly noiseless and free 
from dust and mud, a road so composed 
is said to diminish in an extraordinary 
degree the draught on horses. It is 
also remarkable for economy and 
durability. The experiments of yes- 
terday are understood to have 
shown the wear in the pavement in 
Threadneedle street, although in constant 
use for more than a year, to have been 
hardly perceptible. Again, we are assured, 
in no case does a street once so paved re- 
quire to be taken up again, except for 
underground repairs, and the expense 
of maintenance is very much less than 
that of macadam. It isalso unaffected by 
heat or frost. In the formation of roads 
on this principle the rock is first ground, 
and then, having been subjected to a 
strong heat in a revolving boiler, by which 
it is not melted, it is, when in the form of 
powder, spread on concrete specially pre- 
pared, and being compressed with hot 
irons and rollers, consolidates as it cools 
into a mass of rock, impervious to wet, 
and without any joints or seams. Yes- 
terday two pieces, each about 1 ft. square 
and 2 in. thick, were cut out from the 
roadway in Threadneedle street, in places 
where the traffic was supposed to have 
been greatest, and the result went to 
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show the least imaginable reduction in the | the presence of Messrs. Callender and 
thickness of the substance from wear, and | Amos, the managers of the Company, at 
the rapidity with which the roadway was whose sole expense the experiment has 
afterwards reinstated in those places ap-| been made, and of Mr. Haywood, the 
peared to surprise every one who wit- engineer, who has to report upon the 
nessed the operation. It was effected in ' subject to the Commissioners of Sewers. 





A MOUNTAIN RAILWAY IN HUNGARY. 


From ‘ The Railway News,”’ 


Ata moment when the construction of 
cheap railways has received a new impulse 
through the Fairlie system, your readers 
may be interested in hearing of a new) 
invention in this direction by a Hungarian | 
gentleman, Mr. Lopresti, which was 
tested a few days ago, and with complete 
success. 

There has been, indeed, for the last two 





all. Square beams of oak 8 in. high and 
14 in. broad are laid on the ground, and 
only at rare intervals, where the great 
unevenness of ‘the ground absolutely re- 
quires it, cross sleepers are laid under it. 
Each of these longitudinal beams has a 
length of 18 ft. ; on the two edges of the 
beams are the rails, which are only 2 in. 
broad, and so thin that they weigh but 





years, a trial line, after this system, in use | 1 lb. per foot. These beams and rails may 
on the property of Archduke Albrecht, be taken up at any moment, and the rail- 
pale gs ggg . _ oe only | bond thus gm whenever it - — 
about 2, yards in length, it gave no! The trucks run on two pairs of wheels 8 
measure of the applicability of the system | in. in diameter ; the bodies of the trucks 
on a larger scale. | are about three times the width of the 
be + the gE geo part * oe | — — _ age ye low ° the wheels 
e Crown has the extensive domain of | tha ey have just room to pass over 
Diriggéi, occupying a great portion of; them. This, in itself, bringing the weight 
the slopes and valleys of the Pike-moun- | down so near the line, is a great guarantee 
tain chain, one of the three detached | against any accidents arising from the 
ranges sf re ree es 2 Hun- | re ee ten of = gange hg — severity 
gary. e chief we of this domain of the curves. Besides this, there is a 
consists of the fine oak and beech woods, | double brake on each truck, the ordinary 
which have been, however, hitherto so| brake, and then, before and behind, a 
badly managed that they not only yielded | couple of side wheels running outside the 
no revenue, but scarcely paid their cost. | gauge, which may be pressed against the 
Since the Hungarian Ministry was con- sides. All these precautions are taken to 
stituted, Mr. Lonyay, the Minister of|insure against any overturning, for on 
Finance, has directed his special attention | parts of the line about half of the truck is 
to these Crown domains. One of his hanging over precipices, and running at 
creations on this field is the extension of the rate of some 20 to 30 miles an hour 
the primitive iron-works of Diriggéi into down-hill. 
a large establishment for the manufacture | The top of the mountain ridge is some 
of refined iron. Partly to supply fuel for | 700 ft. above the level of the valley, where 
this, and partly to facilitate the transport | the works are ; for about 4 of the distance 
of the wood into the neighboring country | of 5 English miles the gradient is but 
of the Theiss, a line of about 5 English | slight—1 or 2 in 100; but, further, there 
miles in length has been constructed on | are gradients of not less than 1 in 16, and 


one of the mountain valleys to the top |that for considerable distances. Even 


of the ridge. The tracks were so wretched | 
and steep, and the line so much curved, | 
that it was quite impossible to bring 
down the wood by ordinary means with- | 
out enormous expense. So, on this point 
the new system has been tried. 

The line requires no permanent way at | 


bolder are the curves. The line winds 
along the sides of the hills so small that 
there are curves of a radius of 12 yards, 
and those of 20 to 22 yards radius follow 
each other in quick succession. The 
trucks are taken up empty by horses, and 
when filled are allowed to come down by 








VAN NOSTRAND’S ENGINEERING MAGAZINE. 163 





their own impetus. The arrangement of | for the inventor has likewise designed a 
the weight and the system of brakes is so | locomotive for his line, which will dispense 
perfect that the train may be stopped | with the application of horse-power, and 
when on a gradient of 1 in 7, and going | will give the invention its full value. He 
at the rate of 20 to 30 miles an hour, | has not had the means of constructing bis 
within 6 or 8 yards. The 5 miles cost} locomotive, but now a company is to be 
£2,000, and after the experience now /| formed, which will carry out on a large 
gained the work may be done for about | scale what answers so well on a small one. 
£200 per mile. Incomplete as the system is up to the 
As you may gather from the foregoing | present moment, it is already of great 
description, the object of the line in the | value to Hungary. There are miles and 
present instance is traffic one way. And| miles of mountain forests which decay for 
already in this respect it is invaluable in} want of means of transport, and which 
a country like Hungary, which possesses! may be utilized by this system. The 
great mineral wealth and forests of ines- | direction of the State domains has already 
timable value, which will become ac-| decided to apply the system to several 
cessible at a small cost by these means, |! other domains, and others will no doubt 
whereas otherwise they would be either | follow. But the utility of this new system 
altogether lost or at least imperfectly|is not confined to mountain districts. 
got at. There are those immense Hungarian 
According to the calculations made | alluvial plains, where for miles and miles 
since the line was opened, the square | not a trace of stone is found, and where 
measure of wood, the transport of which | an ordinary road in some cases costs as 
cost from 4 to 5 florins, and at times: much as an ordinary railway, and is then 
could not even be transported for that | not of much use in autumn and spring. 
sum, can now be sent down for less than | So desperate is the case, that in some 
one-half, and in this the sinking fund for | instances people have been driven to 
the money invested is included. As soon adopt the so-called clinker, or paved 
as the woods along the line are cut down | brick road. The laying down of lines on 
the line will be taken up and relaid else-| the Lopresti system would almost amount 
where. to the same sum as for the transport of 
But the invention is but half complete, ' the road metal for the regular road. 








THE ABRADING AND TRANSPORTING POWER OF WATER. 


From “Nature,” 


I.—MECHANICAL PROPERTIES OF WATER. to give expression to my views of this 

It is not my intention to lay down defi- | law, as affecting artificial rivers for irri- 
nite rules or formule regarding the flow | gation, and the bridging of rivers which 
of water, but rather, by drawing attention | flow through the alluvial plains of North- 
to generally acknowledged facts, to throw | ern India. 
out suggestions which may serve to lead| In the “ Artizan” there have appeared 
to the discovery of some general laws of | during the last six months several short 
practical use to the hydraulic engineer. _| articles bearing on the same subject, show- 

In 1857 a paper was read by me before | ing how all questions relating to flowing 
the Royal Society of Edinburgh, “On the | water are affected by this supposed law, 
Delta of the Irrawaddy,” in which I ex-| which may be stated as follows: “ The 
pressed an opinion that depth somehow | abrading and transporting power of water 
affected the abrading and transporting | increases in some proportion as the velocity 
power of water. increases, but decreases as the depth in- 

My experience of Indian rivers and | creases.” 
canals during the succeeding ten years| The first question that arises in this in- 
went to confirm this opinion, and before | quiry is—What is water in a mechanical 
the Institution of Civil Engineers, as well | point of view ? 
as on two occasions before the British! This may be briefly answered by saying 
Association in 1868 and 1869, I ventured ' that it isa fluid, the particles of which, 
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though easily separated, do again unite, 
and exert a certain affinity towards each 
other, and also to other bodies, so that a 
certain amount of power is necessary to 
effect a separation. The attraction of the 
particles of water to other bodies varies 
with different substances ; for instance, 
in all bodies of a fatty nature the facility 
for wetting is very slight ; and different 
temperatures also affect this property of 
water. This attraction or force is techni- 
cally known as “skin friction,” and 
deserves the most careful investigation ; 
for it is owing chiefly, if not altogether, to 
the fact that water has the power of abra- 


_ sion, and it is this property which intro- 


duces the most difficult problems that a 
naval architect has to solve. 

The affinity of one set of particles of 
water to another set, may possibly be 
measured by noting the size of a drop of 
water which falls from a wetted surface of 
@ given area. By thus determining ac- 
eurately the weight of water a given area 
can support, some approximate results of 
an instructive character may be arrived 
at ; but what adds to the complication of 
the question is, that the cohesion of the 
particles probably differs according to the 
temperature ‘and the purity of the water 
experimented on. Thus, when water 
reaches the boiling point, the affinity, it is 
believed, becomes very much lessened ; 
and, again, it is thought that with pure 
or distilled water the particles probably 
have less affinity to each other than with 
water less pure. This impurity may arise 
from various causes; sewage, for example, 
would probably give much heavier drops 
from the same wetted area than rain- 


water, in the same manner that drops of 
treacle are much larger than those of 


water ; that is to say, the affinity, attrac- 
tion, or cohesion of the particles is as a 
general rule increased by the introduction 
of foreign matter held in solution. With 
solid matter held in suspension a similar 
result is obtained, not by increasing the 


“cohesion of the particles of water, but by 


increasing the surface area wetted ; for 
each grain of foreign matter, be its shape 


what it may, must have all its surface in 


contact with tho water. This probably 
explains how a drop of mud should be so 
much larger than one of water, and, at 
the same time, it may possibly explain 
‘why thick muddy water, or, more pro- 
verly svexking, liquid mud, with the same 





section and slope, cannot travel so fast as 
water. 

From this it may reasonably be sup- 
posed that when muddy water runs down 
an inclined plane, the particles cannot, 
by their own gravity, sink so rapidly 
towards the bottom as to overcome the 
power dragging them in a different direc- 
tion. As a consequence, the flow of water 
is retarded by having solid matter held in 
suspension in some proportion according 
to the loads on large rivers where this 
proportion may be only 755 or asp part 
of the weight of water in motion, the re- 
tarding force may not be appreciable by 
the most careful experiments ; so when 
calculating, the discharge may be left out 
altogether ; but with torrents transport- 
ing 5 per cent. and more of solid matter, 
and with the discharge of sewage, it is 
believed that the retarding power is quite 
appreciable. The whole question is no 
doubt a very complicated one ; yet by a 
set of careful experiments, conducted with 


a view to discover this adhesive power of * 


water, it appears highly probable that an 
important step would be gained towards 
the solution of some other difficult but im- 
portant problems. 

The next point to consider is—How 
does water travel? This also is a very 
abstruse question ; but I believe that the 
true answer is given in the brief statement 
that water rolls rather than slides. 

Were it not so, a ship with a foul bot- 
tom could not be so much retarded when 
passing through the water as experience 
shows she is. For example, supposing 
there are two ships in every respect the 
same, only that the first is covered with a 
coating of clean pitch a quarter of an inch 
thick all over her bottom to above her 
water line ; and that the second, in place 
of the pitch, has got all her bottom 
covered with marine animals and weeds, 
so that when this second ship is passing 
rapidly through the water, non3 of the 
sea weeds or marine animals extend more 
than this 4 in. beyond the ship’s sides, 
which is the thickness of the coating of 
pitch on the first ship; in such a case the 
displacement and the lines are exactly the 
same, but it is hardly necessary to ask any 
sailor which of the two ships, with the 
same wind and sails, would pass most 
rapidly through the water, and, in the 
case of two steamers, the extra resistance 
caused by the foul bottom could be easily 
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measured in extra horse-power required 
to force the foul vessel through the water 
at a speed equal to the other.* 

If the motion of the water was a 
sliding one only, the speed in both cases 
would be the same with the same power, 
for the resistance would be simply the 
separation of the two films of water, the 
one in contact with the ship’s sides and 
the other with the surrounding sea ; and 
these, in both cases, would be identical, 
the displacement being the same. If, 
however, as is believed, on a body passing 


through water, or water flowing down a | 


channel, the particles of water are set in 
motion in a revolving direction, the con- 
volutions increasing directly in proportion 
to the wetted surface, then by this hypo- 
thesis some assignable reason fur this re- 
tarding of the foul-bottomed ship can be 
given. 

If the particles slid over each other 
rather than rolled, they would, so to speak, 
pass each other in parallel straight lines ; 


but any one in a gale of wind, going be- 
hind a high square block of building, 
would very soon discover that, in air, such 
is not the case ; for if he went a few yards 
away in the direction the wind was blow- 
ing, he would soon discover that the 
building no longer afforded any protec- 
tion from the blast, but that there was 
some certain point to leeward where the 
currents again converged, while beyond 
this the storm raged with the same vio- 
lence as atany other point. (Every boat- 
man knows what it is to get under the lee 
of a very high island ; the sea may be 
| smoother, but the sudden gusts of wind 
are often more dangerous than when ex- 
posed to the full force of the gale.) Im- 
mediately in rear of the wall itself he 
would find eddies of air whirling about 
in all directions. Within the space, 
ABCD E, there would be a partial pro- 
tection from the storm, and instead of the 
wind being in the direction shown by the 
arrow, there would be whirling eddies 








within this space, which could not exist | rolling motion ? 


were the air to pass off in straight lines as 
represented by the dotted lines B B’, CC’, 
D D’, E E’; neither could the several cur- 
rents of air converge at the point A, which 
it is well known is always the case. 

In the same manner any obstruction 
placed in a stream of water causes eddies 
in rear of it ; that is to say, the water does 
not pass on in straight lines, but within 
this space it goes revolving about in all 
directions, the distance of A probably de- 
pending on the velocity ; showing that 
there is neither a sliding motion nor a 
parallelism in the direction of the lines 
of current.} 


Il.—FRICTION OF WATER. 
How does flowing water obtain this 





* Possibly by the introduction of an elastic medium, such 
as air, between the ship’s bottom and the water, the skin 
friction may be reduced, as it may, in a measure, reduce this 
rotatory action, 

+ By an experimental study of this subject, it may be dis- 
covered how far tuese eddies extend with different velocities, 
which may throw light on the proper length of the after por- 
tion of ships intended for different speeds. 


The reply to this is, By 
Friction. 

Take, for example, the rifling of a gun ; 
we all know that it is owing to the spiral 
grooves or prominences in the chamber 
that the shot gets its spinning motion ; 
but supposing the shot be a sphere, and 
fired from a smooth bore, it has not this 
rotatory motion at right angles to the 





line of flight, and no great dependence 
can be placed on its accuracy, but it may 


|rise or fall, pass to the right or left, all 


depending on which side of the gun’s 
mouth the shot touched when passing out, 
for so will it revolve. Should it ricochet, 
it will, when nearly spent, be observed to 
roll over the ground, and this is all caused 
by the friction offered by the resistance of 
the ground with which it came in contact. 
And what reason can there be assigned 
against water adopting this most simple 
of all laws for bodies in motion ; and is 





it not owing to this that water in a cistern 
itakes a circular motion when escaping 
| through an orifice in its bottom, or pre- 
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sents a cork-screw appearance when it is evident that the transporting and 


poured out of a small vessel? Again, on 
the large scale, with rapid currents such 
as in the Pentland Frith, what but this 
circular motion of the stream can cause 
that boiling appearance given to the 
water, which every one must have observed 
who has navigated waters where there is 
a strong tideway? And cannot this ex- 
plain why there should be an enormous 
breaking sea at the point where the heavy 
swell of the Atlantic meets the ebb tide ; 
and does not this rolling motion given to 
the tide, acting in an opposite direction, 
check the oscillations of the Atlantic swell, 
causing those huge breakers so well known 
to the Orcadian boatmen ? 

Supposing every particle of water to be 
a sphere in itself that can roll independ- 
ently, and that a number of them being 
collected together form a larger sphere, 
which also rolls, and so on, then the 
diameter of the spheres increases with the 
depth, be it ever so great. Consequently, 
the facility for rolling will also increase, 
so that the deeper and broader a stream 
is—that is, the farther the centre of a 
stream is from the retarding medium (the 
bed and banks of a river)—the less is this 
rotatory motion obstructed ; and does not 
this explain how the velocity increases 
with the hydraulic mean depth? The air 
also has a retarding effect even in a per- 
fect calm ; for where the Mississippi was 
very deep, it has been observed that the 
greatest velocity was not at the surface, 
but at some distance below it. 

Supposing that water moves in an 
innumerable number of circles, varying 
from a single particle in diameter to that 
of hundreds of feet, and that every ob- 
struction sets these circles revolving at 
right angles to their surfaces, we can at 
once begin to understand how, by increas- 
ing the areas exposed to friction, an in- 
numerable set of wheels of various sizes 
are set spinning in all directions, but are 
retarded in this action by the attraction 
of the several particles to each other. 
Thus, wheels within wheels will be set in 
motion, some revolving in opposite direc- 
tions ; and the quicker the revolutions— 
that is, the smaller the diameter of the 
wheels, in other words the shallower the 
stream—the greater will be the power ex- 
pended, which power Nature exerts in 
holding solid matter in suspension ; there- 
fore, if the foregoing arguments be correct, 





abrading power of water must increase in 
some ratio inversely as the depth, and 
that the retarding of a ship’s sailing on a 
flowing river must depend on the increased 
area of surface exposed, thus explaining 
why a ship with afoul bottom, a rough, 
rocky bed to a river, or weeds in astream, 
all retard velocity, because they one and 
all set so many more wheels spinning. 
This leads us to the important questions 
where abrasion and the power of flowing 
water to hold solid matter in suspension 
have to be investigated, with the view of 
showing how this rotatory motion acts in 
nature. To do so the following diagram 
will perhaps give a slight idea of the 
complicated nature of this rotation, the 
circles being supposed to increase in 
diameter with the depth. This diagram 
is only intended to show the relative 
motion of one set of particles with respect 
to its neighboring set of particles, each 
for its own depth of 1, 2, 4, 8 or 16 feet 
deep. Thus, where the depth is 16 feet, 
there would be a series of circles 16 feet 
in diameter, rolling within each other, 
where the depth was 8 ft. there would be 
circles of 8 ft. in diameter, and so on. 
That is, with the same velocity, the rota- 
tion would decrease as the diameters be- 
came greater. 

The various angles with the horizon are 
represented by the lines D E, D’ FE’, and 
D” E”", which show the necessary slopes, 
in order that the centre of gravity of each 
circle should be equally beyord the point 
of support A’, and that consequently A B, 
A’ B’, A” B”, should be all equal; they 
indicate that where the slope of the sur- 
face of the water remains in each case the 
same (say, for example, one foot in a mile), 
the velocity probably increases propor- 
tionally to the increased hydraulic mean 
depth, or that where the velocities are the 
same, and the depths differ, the slope re- 
quires also to vary. Let, for example, the 
velocity be in each case about 5 miles an 
hour, or some 7} ft. a second, while the 
depths are 5ft., 8 ft., 10 ft., and 90 ft. 
respectively, the slopes vary from 25 ft. 
in the mile to only some 4 inches, while the 
load of solid matter held in suspension is 
about 7 per cent., 5 per cent., 3 per cent., 
and only 755 of the weight of water in 
each of the above cases respectively. 
With the assistance of the diagram, there- 
fore, it will at once be seen how the whirl- 
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ing motion given to a stream must increase 
as the depth decreases, and how, by the 
increased agitation, the water is able to 
hold proportionally more solid matter in 
suspension, while the action on the bed 
of the channel must at the same time be 
increased. 

To carry this action to extreme cases it 
appears evident that where the velocities 
are considerable, and the depths only a 
foot or two, the slopes must become 
almost precipitous, while the stream must 
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tively pure state, and instead of holding 
in suspension stones and coarse sand, can 
only transport fine particles of mud. 


IIll.—PRACTICAL CONCLUSIONS. 


The following conclusions may now be 
arrived at : 

I. That all particles of water have an| 
affinity to each other as well as to other 
bodies, and that force is required to 
separate them. 

II. That friction sets these particles 
rotating in all directions in larger or 
smaller circles, and that the friction or 


become semi-fluid mud, or transport a 
large proportion of boulders, and even 
rocks ; in doing which a certain amount 
of power must be expended, and in tran- 
sporting this solid matter this loss of 
power cannot but retard the flow of the 
stream. On the other hand, it may be 
assumed that, even with considerable 
velocities, which at small depths would 
tear up and hurl forward rocks, boulders, 
sand and mud, with excessive depths the 





water may flow on in almost a compara- 


CHANNEL. 


force increases in some proportion to the 
area of surface exposed. 

III. That this rolling motion becomes 
rarer the larger the diameter of the circles 
may be, that is, the resistance decreases 
as the depth and breadth of a stream in- 
crease, or, in other words, the velocity 
increases proportionally to the “hydraulic 
mean depth.” 

IV. Lastly, that any increase to the 
rapidity of this rotatory motion, must in- 
crease the abrading and transporting 
power of water, by enabling it to remove 
from the channel of a stream grains of 
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solid matter, and hold them in suspen- 
sion. 

The following deductions are arrived 
at : 
1. That a smooth surface offers the 
smallest area for the water to attach itself 
to, and fewer irregularities ; consequently 
the rotatory motion given to the water is 
reduced to a minimum, that is, the power 
expended is least, or the friction among 
the particles of water flowing through a 
smooth uniform channel is less than when 
it flows through an irregular and rough 
one. 

2. That in the lines of a ship not only 
should there be no sudden changes in 
direction, but the surfaces should be as 
smooth as possible. 

3. That the area of this surface should 
be as small as possible; hence convex 
lines are preferable to concave ones, as 
with the same area they afford greater 
buoyancy, while there would be less 
friction for the water to roll along a con- 
vex surface than a concave one. 

4. That additional length given to a 
ship, leaving out all other questions, must 
retard a ship passing through the water, 


- by increasing the area exposed to friction ; 


consequently there is probably some limit 
owing to this increased resistance, where 
the length midships should not exceed 
certain proportions of the midship sec- 
tion. 

5. That a ship passing over shallow 
water must be retarded, as the diameter 
of the vertical circles revolving under her 
bottom must be less than the diameter of 
the circles where the water is deep ; hence 
the smaller circles will be set in quicker 
rotation, and therefore loss of power 
ensues. 

6. That the same will be the effect from 
the same cause where the channel is 
narrow and contracted. 

These deductions apply to cases where 
the abrasion may be considered “nil,” 
such as the discharge of water through 
pipes, and the sailing of ships; and the 
practical conclusion is, that for pipes with 
glazed surfaces, and ships having coppered 
bottoms, the water passes with the least 
friction.* In the case of ships, speed is 





* On reading over the above conclusion to an experienced 
ship-builder here in London, he said that one of the reasons 
why Aberdeen clippers sailed so fast. was owing to the 
smoothness of the ships’ bottoms, which were first planed 
before the copper was put on. He also remarked that 
where the copper is very smoothly put on, the first place 





not the only question to be considered ; so 
the subject becomes very complicated, 
and though believing in the general 
soundness of the above deductions, the 
solution of these problems may be left to 
the naval architect to consider. 

Viewing the subject on the large scale, 
very important conclusions are arrived at 
from these facts—namely, that the depth 
of a river depends on the nature of the 
materials it has got to transport; thus 
those which have to carry down coarse 
sand should be broad and shallow, while 
those which have to convey fine mud 
would naturally be narrow and deep. 
And as this depends on the geological 
nature of the catchment basin of the 
river, are we not naturally led to the con- 
clusion that where we find rivers navi- 
gable, the rocks of the catchment basin 
which predominate are of an aque- 
ous formation, while those rivers which 
are difficult of approach from the sea 
must drain a country where crystalline 
rocks predominate? Judging, therefore, 
on this hypothesis, are we not right in 
conjecturing that the rocks of Central 
India, and also of that vast, but hitherto 
almost unexplored, country, Central 
Africa, must be generally of a crystalline 
nature ? 

This interesting question, however, like 
that of the best form of ships, had better 
be left for the consideration of the pro- 
fessional inquirer, whose investigations 
lead him to study that branch of geology 
which treats of the denudation of rocks 
now going on on the earth’s crust, and 
the deposits now being formed. I pass 
on to those questions which affect the 
hydraulic engineer, and they are so 
numerous that it would be difficult even 
to enumerate and classify them, while 
their importance is so great that it can 
hardly be overestimated. On this occa- 
sion only one or two of the more pro- 
minent subjects will be glanced at, more 
for the purpose of leading to future inves- 
tigation, than to lay down rules for guid- 
ance, which at this present stage it would 
be premature to attempt. 





where the sheet wears through is just behind where the 
sheets overlap, showing that even an irregularity of one- 
sixteenth of an inch causes an extra action. not as might be 
supposed at the point of greatest obstruction, but just beyond 
it, proving that there must be this whirling motion which 
causes this abrasion. This gentleman also observed that ex- 
perience showed that the speed of a ship chiefly depends on 
the flueness of the lines of the after rim of a sbip, and that 
“ingoing ’’ or concave lines should be avoided if possible, 
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From the foregoing remarks, sugges- 
tions, and deductions, it may be supposed 
that there are certain laws of nature 
which adapt each case to its own particu- 
lar circumstances. Take, for example, 
the course of a river. It has been before 
said that streams which have to transport 
coarse, solid matter, such as sand, are 
usually broad and shallow, while those 
which convey chiefly fine mud are deep 
and narrow. The reason why those 
streams which convey a large proportion 
of sand should be broad and shallow, is 
that the water has thus sufficient power 
to hold the solid matter in suspension ; 
and to still further aid them in this, it will 
be often observed that Nature generally 
gives such rivers, comparatively speaking, 
straight channels, in comparison to those 
which convey fine mud. The object in 
this case would appear to be that Nature 
in the former instance takes the shortest 
route, so as to obtain as great a fall as 
possible in the bed of the stream ; while 
with the deep muddy stream, to prevent 
the water rushing off too fast, and so to 
keep up the surface of the stream to a 
level with the banks, or in floods often 
above them, Nature takes her tortuous 
courses, and is thus enabled year after 
year to deposit those fine grains of mud 
= add so much to the fertility of the 
soil. 

So evidently is this the case, that in 
Egypt the irrigation canals are all carried 
in a zigzag direction, so as to check the 
velocity, and prevent the coarser particles 
of sold matter from being transported, 
while at the same time the surface of the 
water is kept at a sufficient elevation, so 
as to admit of easy irrigation. Thus, 
probably, Joseph, or whoever started irri- 
gation in the land of the Pharaohs, took 
a leaf out of Nature’s book ; and it is by 
the study of this volume that the engi- 
neer of the present day will be most cer- 
tain to arrive at satisfactory results. 

That rivers have certain general prin- 
ciples by which they are governed, as to 
breadth, depth, slope, velocity, and load 
of solid matter held in suspension, it ap- 
pears reasonable to suppose; and any 
change introduced in any one of these 
proportions must cause a corresponding 
change in one or all of the above condi- 
tions, 

Thus, let there be a stream which in flood 
contains 5 per cent. by weight of solid mat- 





ter, and let it be 8 ft. deep, discharging 
50,000 cubic feet a second, with a mean 


velocity of 74 ft. a second—the breadth 
50.000 
of this stream would be 5 x 7.5 — 8335. To 


add one-fourth to the discharge of this 
stream of pure water would increase the 
discharge from 50,000 to 62,500 cubic 
feet a second, and the proportion of solid 
matter, instead of being 5 per cent., would 
be only 4 per cent. But, by the example 
before given, a depth approaching 9 ft. 
instead of 8 ft. would be the natural 
depth, so the bed would be lowered 1 ft., 
and the breadth would only be increased 
EOS T =92 ft., instead of having to 
give an increase of one-fourth more, or 
S208 ft., and still keep matters much 
as they are found in nature. 

So in bridging such a stream the whole 
additional length of viaduct would be 
only 92 ft., or 116 ft. would be saved by 
simply sinking the foundations 1 ft. more. 
But as water rolls rather than slides, and 
never flows in straight lines, the shape of 
the section of a stream can be changed at 
pleasure; so the depth may be increased 
without much danger by decreasing the 
breadth. Taking, then, the same stream 
which it was proposed to make 833 -+- 
92 = 925 ft. broad by 9 ft. deep, suppose 
the mean depth be made 15 ft., this in- 
crease of depth would decrease the trans- 
porting power, while at the same time the 
velocity would also be increased ; and sup- 
pose it to be now 10 ft. a second, instead 
of 74 ft., and with a depth of 15 ft. with 
such a velocity only 4 per cent. of solid 
matter could be held in suspension, and 
the waterway would be iss = 4163 ft. 
broad, instead of 925 ft., or less than one- 
half; that is, by adding 8 ft. to the gene- 
ral depth of a stream where the river 
discharges 50,000 cubic feet a second in 
the main channel, and 12,500 cubic feet 
a second of inundation water, which is 
comparatively free of silt, the whole 
volume of 62,500 cubic feet could be 
passed through a bridge only half the 
breadth of the original stream, which was 
833 ft. broad. So the whole question re- 
duces itself now into one of cost.. 

The question is, whether it be cheaper 
to sink the foundations an extra 8 or 10 
ft., or to double the length of viaduct. By 
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the use of the sand-pump, foundations can 
now be sunk through sand at a very 
moderate cost ; so it is believed that the 
extra sinking would not involve anything 
like the cost of the shallower foundations 
for the bridge built on the extended plan ; 
thus the whole cost of the superstructure 
and extra girders could be saved—that is, 
speaking approximately. In such a case 
the bridge built on this deep foundation 
principle could be built at nearly half the 
cost of the old plan ; but to guard against 
accidents, and scooping out to excessive 
depths, it would appear that at least one- 
third may be saved by building bridges 
on this principle; while the river, by 
having a deep channel under the bridge, 





could be kept in better control than by 
the present extended method, as it would 
not have such a tendency to desert its 
course, but would always keep to the deep 
channel. 

Several other examples may be brought 
forward to illustrate the practical advan- 
tages that a better knowledge of the action 
of flowing water would be sure to confer 
on science and hydraulic engineering; but 
it is hoped that the foregoing will assist 
in bringing the importance of the subject 
more prominently forward. When once 
the subject is properly discussed I am 
convinced its importance will be mani- 
fested. 

T. Loatn. 





EXPERIMENTS FOR MAKING BRICK MASONRY IMPERVIOUS 
TO WATER. 


Abstract of a paper read before the 
American Society of Civil Engineers, May 
4, 1870, by William L. Dearborn, Civil 
Engineer, Member of the Society : 

The face walls of the Back Bays of the 
Gate-houses of the new Croton Reservoir, 
located north of Eighty-sixth street, in 
Central Park, were built of the best qual- 
ity of hard-burned brick, laid in mortar 
composed of hydraulic cement of New 
York, and sand, mixed in the proportion 
of one measure of cement to two of sand. 
The space between the walls is 4 ft., and 
was filled with concrete. These face-walls 
were laid up with great care, and every 
precaution was taken to have the joints 
well filled and insure good work. They 
are 12 in. thick and 40 ft. high, and the 
Bays, when full, generally have 36 feet of 
water in them. 

When the Reservoir was first filled, and 
the water was let into the Gate-houses, it 
was found to filter through these walls to 
a considerable amount. As soon as this 
was discovered, the water was drawn out 
of the Bays, with the intention of attempt- 
ing to remedy or prevent this infiltration. 
After carefully considering several modes 
of accomplishing the object desired, I 
came to the conclusion that the mode 
known in England as “Sylvester’s Process 
for Repelling Moisture from External 
Walls,” was the easiest of application, and 
would be as effectual as any; and, on con- 





sulting Dr. Chilton, the chemist, I was 
confirmed in this opinion. 

The results of the investigation were 
then submitted to A. W. Craven, Engineer 
of the Croton Water Works, for his de- 
cision, and his instructions were to adopt 
Sylvester’s process. 

This process consists in using two wash- 
es or solutions for covering the surface of 
brick walls; one composed of Castile soap 
and water, and one of alum and water. . 
The proportions are: three-quarters of a 
pound of soap to one gallon of water, and 
half a pound of alum to four gallons of 
water, both substances to be perfectly dis- 
solved in the water before being used. 

The walls should be perfectly clean and 
dry, and the temperature of the air should 
not be below 50 deg. Fahrenheit, when 
the compositions are applied. 

The first or soap wash should be laid on, 
when at boiling heat, with a flat brush, 
taking care not to form a froth on the 
brickwork. This wash should remain 24 
hours, so as to become dry and hard be- 
fore the second or alum wash is applied, 
which should be applied in the same man- 
ner as the first. The temperature of this 
wash, when applied, may be 60 or 70 deg., 
and it should also remain 24 hours before 


a second coat of the soap wash is applied, 
and these coats are to be repeated alter- 
nately until the walls are made impervi- 
ous to water. 
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The alum and soap thus combined form 
an insoluble compound, filling the pores 
of the masonry and entirely preventing 
the water from penetrating the walls. 

Before applying these compositions to 
the walls of the Bays, some experiments 
were made to test the absorption of water 
by bricks under pressure, after being cov- 
ered with these washes, in order to deter- 
mine how many coats the walls would 
require to render them impervious to 
water. 

To do this, a strong wooden box was 
made, put together with screws, large 
enough to hold two bricks, and on the 
top was inserted an inch pipe, 40 ft. long. 

In this box we placed two bricks, after 
being made perfectly dry, and then coy- 
ered with a coat of each of the washes, as 
before directed, and weighed. They were 
then subjected to the pressure of a col- 
umn of water 40 ft. high, and, after re- 
maining a sufficient length of time, they 
were taken out and weighed again to as- 
certain the amount of water they had ab- 
sorbed. 

The bricks were then dried, and again 
coated with the washes and weighed, and 
then subjected to pressure as before; and 
this operation was repeated until the 
bricks were found not to absorb any 
water. Four coatings rendered the bricks 
impenetrable under the pressure used. 

The mean weight of the bricks (dry), 
before being coated, was 3% lbs.; the 
mean absorption was one-half pound of 
water. 

An hydrometer was used in testing the 
solutions. 

As this experiment was made in the 
fall and winter (1863), after the tempo- 
rary roofs were put on to the Gate-house, 
artificial heat had to be resorted to to dry 
the walls and keep the air at a proper 
temperature. 

The cost was 10.06 cts. per square foot. 

As soon as the last coat had become 
hard, the water was let into the Bays, and 
the walls were found to be perfectly im- 
pervious to water, and they still remain 
80. 


BRICK ARCH (FOOTWAY OF HIGH BRIDGE). 


The brick arch of the footway of High 
Bridge is the are of a circle 26 ft. 6 in. 
radius, and is 12 in. thick ; the width on 
top is 17 ft., and the length covered was 
1,381 ft. 








The arch, for 8 in. in thickness, rests on 
cast-iron skewbacks, which are prevented 
from separating by wrought-iron tie- 
rods. 

The two first courses of brick of the 
arch are composed of the best hard-burnt 
brick, laid edgewise in mortar composed 
of one part, by measure, of hydraulic 
cement of New York, and two parts of 
sand, 

The top of these bricks, and the inside 
of the granite coping, against which the 
two top courses of brick rest, was, when 
they were perfectly dry, covered with a 
coat of asphalt one-half an inch thick, laid 
on when the asphalt was heated to a tem- 
ee of from 360 to 518 deg. Fahren- 

eit. 

On top of this was laid a course of brick, 
flatwise, dipped in asphalt, and laid when 
the asphalt was hot, and the joints were 


‘run full of hot asphalt. 


On top of this a course of pressed brick 
was laid, flatwise, in hydraulic cement 
mortar, forming the paving and floor of 
the Bridge. This asphalt was the Trini- 
dad variety, and was mixed with 10 per 
cent., by measure, of coal tar, and 25 per 
cent. of sand. A few experiments for 
testing the strength of this asphalt, when 
used to cement bricks together, were 
made, and two of them are given below. 

Six bricks pressed together, flatwise, 
with asphalt joints, were, after laying six 
months, broken. 

The distance between the supports was 
12 in.; breaking weight, 900 Ibs.; area of 
single joint, 28} square in. The asphalt 
adhered so strongly to the brick as to tear 
away the surface in many places. 

Two bricks pressed together, end to end, 
cemented with asphalt, were, after laying 
six months, broken. 

The distance between the supports was 
10 in.; area of joint, 8} square in.; break- 
ing weight, 150 lbs. 

The area of the Bridge covered with 
asphalted brick was 23,065 square ft. 
There was used 94,200 lbs. of asphalt, 33 
barrels of coal tar, 10 cubic yards of sand, 
93,800 bricks. 

The time occupied was 106 days of ma- 
sons and 148 days of laborers. Two ma- 
sons and two laborers will melt and spread, 
of the first coat, 1,650 square ft. per day. 
The total cost of this coat was 5.25 cents 
per square foot, exclusive of duty on as- 
phalt. There were three grooves, 2 in. 
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wide by 4 in. deep, made entirely across | NOTE BY GEN. GEORGE 8. GREENE. 
the brick arch, and immediately under the | In proposing the above plan for working 
first coat of asphalt, dividing the arch into | the asphalt with the brickwork, the object 
four equal parts. These grooves were was to avoid depending on a large con- 
filled with elastic paint cement. | tinued surface of asphalt, as is usual in 
This arrangement was intended to guard covering arches, which very frequently 
against the evil effects of the contraction cracks from the greater contraction of the 
of the arch in winter, as it was expected asphalt than that of the masonry with 
to yield slightly at these points and at no which it is in contact, the extent of the 
other point, and then the elastic cement! asphalt on this work being only about 


would prevent any leakage there. 

The entire experiment has proved a very | 
successful one, and the arch has remained 
perfectly tight. 


one-quarter of an inch to each brick. 

This is deemed to be an essential ele- 
ment in the success of the impervious cov- 
ering. 





THE STRENGTH OF 


IRON AND STEEL. 


From the ‘‘ Building News." 


At the last meeting of the Institution 
of Civil Engineers a paper was read “ On 
the Strength of Iron and Steel, and on the 
Design of parts of Structures which con- 
sist of those materials,” by Mr. George 
Berkley. 

The author stated that the strength of 
wrought-iron varied with the quantities 
of work involved in the production of the 
form of the material tested. This was 
proved by the fact that a bar of iron 1 in. 
sq., Which would break with a strain of 
26 tons, would, if drawn to the form of | 
wire ;); of an in. in diameter, bear a strain 
of 40 tons per sq. in. The strength to | 
be relied on in practice would probably 
be best represented by the minimum 
strain that 1 sq. in. would bear without 
rupture, and by the amount of stretch 
which would take place in a given length | 
before it broke. Iron could be obtained | 
at the current market rates which would | 
bear the following strains: For plates, 
an average breaking strain of 20 tons per | 
sq. in., and a minimum breaking strain 
of 19 tons per sq. in., and an average | 
stretch of 1 in. in 12 in. lineal. For L) 
and T irons an average breaking strain of 
22 tons per sq. in., and a minimum break- 
ing strain of 21 tons per sq. in., and an | 
average stretch of 1} in. in 12 in. lineal. 
For rivet iron an average breaking strain 
of 16 tons per circular in. For bars 
intended for chains, couplings, etc., an 
average breaking strain of 22 tons per sq. 
in., and an average stretch of 13 in. in 
12 in. lineal. For ordinary classes of 
work, let at competitive prices, stronger 
iron could only be obtained with difficulty. 








In the consideration of the practical 
limit of strain to which 1 sq. in. of wrought- 
iron could with safety be subjected, and 
the principle on which such a limitation 
rested, the erroneous impression as to the 
degree of strain being 10 tons or 12 tons 
per sq. in. which first produced “ perman- 
ent set” was pointed out, as well as the 
apparent discrepancy between the results 
of ordinary observation and of minutely 
manipulated experiments, such as those 
of Sir Wm. Fairbairn and Mr. E. Clark, 
was noticed, wherein permanent set had 


_ been observed after 3 tons per sq. in. had 


been imposed on the iron, and was ex- 
plained by the difficulty of registering 
such small amounts of set as y5\,yth part 
of an in. in 5 ft., which resulted from a 
strain of 10 tons per sq. in. 

Attention was drawn to the fact that 
upon the application to 1 sq. in. of wrought- 
iron of strains exceeding about 12 tons, 
the measure of stretch per unit of strain, 
which had previously increased in a certain 
proportion to the units of strain applied, 
increased with a greater and progressive 
rapidity. It was also noted that the 
amount of stretch actually produced by 
the imposition of a strain of about 12 
tons per sq. in., would be sufficient 
frequently to preclude the use of wrought- 
iron so strained. 

In illustration of the effect of the re- 
petition of strains on iron and steel, it 
was stated that with blows powerful 
enough to bend bars of cast-iron through 
one-half of their ultimate deflection (that 
was to say, the deflection which cor- 
responded to their fracture by dead 
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pressure) no bar was able to stand 4,000 
of such blows in succession. And also, 
that when the bar was thrown into a 
violent tremor, then “when the depres- 
sions were equal to one-half of the ulti- 
mate deflection, the bars were broken by 
less than 900 depressions.” A piece of 
rail, weighing 68 lbs. per yard, made of 
Bessemer metal, which, when placed on 
firm bearings 3 ft. apart, bore one blow 
from a weight of 1 ton falling through 
30 ft. without breaking, though bending 
about 7 in., broke with a weight of 37 cwt., 
falling 15,400 times through heights in- 
creasing from 1 ft. to 10 ft. by increments 
of 6 in. each time. With wrought-iron, 
it appeared from an experiment of Sir 
Wn. Fairbairn that when it was desired 
to repeat the application of strains from 
2 to 3 million times it would not be 
prudent that such strains should exceed 
7 tons per sq. in. of section. 

It appeared from these considerations 
that the practical strength of wrought- 
iron in structures of a permanent charac- 
ter could not be estimated at more than 
12 tons per sq. in. when such an amount 
of strain was repeated more than a small 
number of times ; and that it should not 
be calculated as exceeding 7 tons per sq. 
in. when strains of this amount would be 
applied to it many times daily. In some 
of the principal suspension road bridges, 
it was said that a maximum of about 9 
tons per sq. in. of section in tension was 
imposed on extraordinary occasions, while 
railway bridges were frequently subjected 
to the maximum calculated strain, a limit 
of 5 tons being in this country generally 
adopted. From this practice it was as- 
sumed that a margin, for errors of design 
and for other practical defects, of only 25 
per cent. was allowed in permanent struc- 
tures. The importance of sound princi- 
ples of design was therefore manifest. 
The parts most difficult to design were 
the connections of portions of the struc 
ture with riveted joints. It was desir- 
able that the area of the section of the 
rivets to be sheared, as well as of the plates 
forming these connections, should be 
somewhat in excess of the sectional area 
of the plates or bars which they connected; 
and that as the process of punching the 
rivet-holes in the plates, etc., had a ten- 
dency to weaken them in a greater pro- 
portion than that in which the area was 
decreased, it was advantageous to drill all 


rivet-holes in parts exposed to tension. 
| It was represented that the general prin- 
ee . . 

| ciples of design were well illustrated by a 
joint made of a single pin, such as that 
used in suspension bridges, Warren gir- 
| ders, etc. Examples of various forms of 
links were presented for consideration, 
and a form of link of equal thickness, but 
with an enlarged head, was said to have 
been proved by experiment to be of about 
equal strength in all its parts. The pro- 
portions of these links were as follows: 


A being 100 
5 == 74 
100 
125 
150 





The depth of head beyond pin 
The two sides of the pin-hole 


| And the radius of the curve of neck. R 


| Links of these proportions, with larger pins 
and narrower sides—Nos. 7 and 7a—and 
larger pins and sides of the same width, 
Nos. 8 and 8a, made of iron of exactly 
the same strength, and links of propor- 
| tions precisely similar to those adopted 
| for the Menai, Nos. 9 and 9a, the Pesth, 
Nos. 10 and 10a, the Chelsea, Nos. 11 and 
lla, and the Hungerford, Nos. 12 and 
| 12a, were compared. Taking the strength 
| of the standard form, 22,125 tons per sq. 
in. of bar area, as = 100, the percentage 
of gain or loss in power of resistance to 
ultimate strain by the use of the other 
forms of links as follows : 

6 and 64 100 

7 *% 79.9; loss 

8 * 8s 104.7; gain 
9 * 92.0; loss 
10 **104 79.8; * 
ll 89.2; 


“dla 
12 * 12a 85.4; 


bo 


Fora 


per cent. 


a 


“ec 


Hin waa 
Henna 


— — po 
> CO bo 


“ec 


~ 
cs 


The necessity for strengthening the 
heads of links, and for testing all of them 
with a strain equal to at least 10 tons per 
sq. in. of bar, was proved, it was believed, 
by the experiments quoted, and by the 
evidence of Mr. Provis in his work on the 
Menai Bridge. It was urged that an ex- 
amination of the diagrams would show 
that some links failed with a less degree 
of stress, on account of the junction 
of the mass of the head with a 
comparatively smaller section of bar, by 
means of a curve of too short radius. 
This imperfect principle of construction 
also operated in causing fracture across 
the centre of the heads on both sides of 
the pin-hole ; and in such designs, the 
question of the direction of the strain 
being truly along the axis of the link or 
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bar, and of the strength of the material on 
both sides of the head being equal, should 
be considered. 

The author next directed attention to 
the unsatisfactory state of the knowledge 
of the profession respecting the power of 
struts of various proportions and forms to 
resist compression, and stated his belief 
that the formule which had been proposed 
to facilitate calculations for determining 
the strain which such columns would 
bear, produced results which neither 
agreed one with the other, nor with any 
series of such experiments as had been 
tried. It seemed probable that for the 
present, error might be best avoided by 
referring to the results of experiments 
made upon columns, etc.; the conditions 
of which were analogous to the case under 
consideration. 

With respect +o cast-iron, it was stated 
that a mixture of iron for sleepers had 
produced bars, 2 in. by 1 in. in section, 
which, when placed on bearings 3 ft. 
apart, had on the average of 1,151 experi- 
ments during the last three years borne 
33.4 ewt. placed on the centre, and cast- 
ings, 1} in. in length and exactly 1 in. 


square, which on the average of 1,002 expe- 
riments had borne 13.07 tons of tensile 


strain. An attention to the amount of 
deflection of the test-bars had been bene- 
ficial, the average strain required to break 
the sleepers have been raised since the 
amount of deflection of the bars with a 
given weight had been increased. For 
the purpose of comp:ring the comparative 
strength of precisely similar girders cast 
with iron of varying degrees of strength, 
as represented by the ordinary test-bars, 
and when subjected to a direct tensile 
strain, the experiments detailed in the 
Appendix (Table No. 7) were tried, the 
girders being cast of the exact form and 
dimensions of three of those described in 
Sir William Fairbairn’s “ Researches on 
the Application of Iron to Buildings.” The 
results were as follows :— 

The strength per square inch of section 
was represented in Girder No. 1, by 
Mr. Fairbairn’s experiments as = 3214 Ibs. 


The first series of special experi- 
as = 4977 * 


The second series of special experi- 
as = 4977 “ 
In Girder No. 2 by 


Mr. Fairbairn’s experiments 
The first series of special experi- 
MENUS ...cccccsccccccs poets see as = 5264 ‘* 


as = 3346 lbs. 








| The second series of special experi- 


-eeee a8 = 5308 Ibs. 
In Girder No. 3 by 


Mr. Fairbairn’s experiments 

The first series of special experi- 
ments 

The second series of special experi- 


as = 4075 lbs. 
as = 4988 *“ 
as = 6300 “ 


The strength of the test-bars and the 
tensile strength of the iron used by Sir 
Wm. Fairbairn was not stated; but it 
might be assumed to be equal to about 25 
ewt. placed on the centre of the bars, be- 
tween bearings 3 ft. apart, and to a tensile 
strength of about 7 or 8 tons per square 
inch. The strength of the iron employed 
in the special experiments was represented 
by a weight supported by the test-bars 
varying from 30 ewt. to 38 cwt., and by a 
tensile strength varying from 10.25 tons 
to 13.94 tons. 

In order to secure these results, the fol- 
lowing conditions were represented as 
important, and should be considered in 
the design and execution of cast-iron 
work : 

1st. The strong iron referred to was 
obtained by the mixture in the furnace of 
four or five brands, some being harder 
than others. In order to amalgamate, as 
far as possible, these different qualities of 
iron, the furnace should be charged with 
them mixed in proper proportions in every 
basketful of metal which was emptied into 
it. 2. There would be a difference of 
about 16 per cent. between the weight that 
a 2-in. by 1-in. test-bar would support 
when cast on edge and proved as cast, 
and that which it would support when 
proved with the under-side as cast placed 
at the top as proved ; and a diiference of 
about 8 per cent. between the weight the 
same test-bar would support if cast on its 
side or end, and proved on edge. This 
difference it would be necessary to take 
into consideration in estimating the 
strength of a large casting made from the 
same metal as tbat used in the test-bars. 
Another, and probably the most important 
practical consideration, in respect of the 
strength of castings, was the proportions 
of their several parts being such as would 
free them as much as possible from un- 
equal contraction in cooling. It was not 
often practicable to effect that which would 
avoid this, viz., to adopt an equal thickness 
of metal in all parts of the casting ; and it 
was therefore important that some means 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 175 





or reductions of length per unit of strain 
became irregular or excessive, as com- 
pared with those which had preceded 
riments which had lately been tried with | them,—in other words, before the yield- 
steel—more especially Bessemer steel— | ing point ofthe material was reached. 3rd. 
which experiments he considered justified That this material probably contained 
the adoption of the following conclu- about .45 per cent. of carbon chemically 
sions: | combined with the iron. And 4th. That this 

1st. That Bessemer steel would bear | description of steel, if properly made and 
before rupture a minimum tensile strain ‘annealed, was as uniform in quality as 
i wr ought-iron—and therefore might be em- 


of 33 tons per square inch of section and | 
stretch about 1in. in 12 in. of its length. | ployed (precautions being taken to test 


should be taken to prevent the castings 
from cooling too quickly. 
The author drew attention to the expe- 


2nd. That the same material would bear | its quality as a substitute for wrought- 
either in tension or in compression a mini- | iron) while allowing an increase of strain 
mum stress of 17 tons before the extensions | of 50 per cent. to be imposed upon it. 





EXPERIMENT ON THE EVAPORATION OF A CORLISS BOILER. 


By JAMES B. FRANCIS, Civit ExGineer, 


The experiment was made on one of | of the tubes being usually surrounded by 
the 4 Corliss boilers in the mills of the | water, and the upper 3 ft. by steam. After 
Merrimack Manufacturing Company at | passing through the tubes the gases enter 
Lowell, Massachusetts, constructed by the | a chamber concentric with the central 
Corliss Steam Engine Company of Provi- | cylinder, and extending about 14 ft. above 


dence, R. I., and first put in operation in 
October, 1868. 

Each boiler consists of a central cylinder, 
about 24 ft. high and 42 in. in diameter, 
standing vertically on the floor of the boiler- 
house, and containing no tubes or flues, 


but surrounded by an annular grate, about | 


12 ft. in diameter, with 8 fire doors on its 
exterior circumference. Hanging verti- 
cally from the sides of the central 
cylinder, are 6 other cylinders, about 14 
ft. long and 40 in. in diameter, each con- 
taining 61 vertical tubes, 2 in. internal 
diameter, and about 14 ft. long. Each of 
the tubular cylinders is connected with 
the central cylinder by 3 pipes, about 7 
in. long ; 
of the tubular cylinders being about 9 in. 
in diameter, and the intermediate pipe, 
which is a little below the usual water 
line, is about 15 in. high and 6 in. wide. 

The usual height at which the water is 
kept is at the 5th gauge cock, which is 
about 3 ft. below the tops of the tubular 
cylinders, and about 9 ft. below the top 
of the central cylinder. 


The products of combustion rise on the | 
of what is necessary for the combustion 


outsides of all the cylinders to within 
about 2} ft. of the usual water line. There 


is, however, no outlet for the gases except | 


through the 366 tubes in the tubular 
cylinders ; the lower 11 ft. of the length 


those near the top and bottom | 


the top of the tubular cylinders, giving 
just sufficient height to take out the tubes. 
From near the top of this chamber the 
gases pass off by a horizontal fiue of sheet 
iron, about 6 ft. wide and 1 ft. high, to a 
chimney, 200 ft. in height. 

The 7 connected cylinders forming the 
boiler are enclosed by a cylindrical wall 
of brickwork, which confines the gases 
and supports the feed-water tank. The 
draft is regulated by means of a damper 
in the horizontal sheet iron flue, and by 
the 8 ash-pit doors, which are well fitted, 
and open intoacommon ash pit. Usually 
one of these doors was open from a 
quarter to a half, and the damper in the 
flue also open about one half. The fire 
doors were made of two parallel plates of 
iron, 2 or 3 in. apart, with 6 ai holes, 
jths of an inch in diameter, through the 
outer plate, anda greater number t] hrough 
the inner plate ; “said to be for the pur- 


‘pose of preventing the doors from be- 


coming too much heated. The powerful 
draft causes a large quantity of air to pass 


| through these holes and enter the space 


above the fire, apparently much in excess 


of the gases. 

The top of the chamber is covered by 
an open tank about 18 in. deep, in which 
the feed water is usually heated, but 
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which was not used for that purpose in 
this trial. 

The passage of the heated gases over 
surfaces of the boiler above the water line, 
of course, tended to superheat the steam, 
and observations of the temperature of 
the steam, as well as its pressure, were 
made to ascertain the amount of the 
superheating. 

The amount of the heating surface, not 
including the feed-water tank, is as 


follows : 
8Q. FEET. 
Area of heating surface on outside of the 
7 cylinders, connecting pipes, etc.. 1277.56 
Tube surface 2679.01 


Total heating surface 3956. 57 


Area of grate surface 
Fire surface to each square foot of grate 


For convenience of feeding with water 
from the water tank, the north-easterly 
boiler was selected for trial. I am in- 
formed that this boiler has been in use 
uniformly since it was first started, stop- 
ping regularly with the others, one week 
in four, for cleaningand examination. It 
was stated by Mr. Austin, the engineer in 
charge, that this boiler was blown off last 
four or five weeks before the commence- 
ment of the trial. It had been stopped 
one week in its turn just previous to the 
commencement of the trial, during which 
time the water was drawn out of it, and 
the fire surfaces of the tubes and other 
parts cleaned ; nothing, however, being 
done beyond the usual monthly cleaning. 

The trial consisted in measuring the 
quantity of water evaporated, and weigh- 
ing the coal burned, during 120 hours of 
continuous firing, from Monday, March 
21st, 1870, at noon, to the following Satur- 
day at noon. It was designed to main- 
tain the firing and pressure of steam 
uniformly, night and day, throughout the 
trial, but it was not found to be con- 
venient to maintain the pressure fully 
during the night; the mean pressure 
during the day being about 68.60 lbs. 
above the atmosphere, and during the 
night about 65.02 lbs. Fire was made 
up under this boiler early in the morning 
of Monday, March 21st. The usual cus- 
tom is to clean out the clinkers from the 
grate and make up the fire at 11 o’clock, 
A. M., Which gives a fire in its best con- 





dition about one hour afterwards. This 
was done in this trial, and the water 
brought to the usual height of the 5th 
gauge cock at noon, when the trial com- 
menced. Ali the ashes were then re- 
moved from the ash pit, and all the coal 
in the vicinity of this boiler removed from 
the floor, and the coal weighed out for the 
trial put in its place. At the end of the 
trial the firing was done, as nearly as 
practicable, in the same manner, the fire 
being left in its best condition, with the 
usual quantity of coal on the grate, and 
the water at the 5th cock. 

The quantity of water evaporated was 
measured in a large wooden tank, con- 
structed for the purpose of heating water 
for use in the Calico Print Works of the 
establishment, with part of the exhaust 
steam from the engine. For this purpose 
it was detached from its usual connec- 
tions, and connected only with the force 
pumps supplying this boiler. The con- 
tents of the tank for the 5 ft. in depth, 
gauged by measurement for this purpose, 
was .3,316.24 cubic ft. This quantity was 
not all used before refilling. It was filled 
up 5 times during the trial, or once each 
day, and the quantity drawn from each 
filling noted. The whole quantity drawn 
was 11,405.017 cubic ft., at the mean tem- 
perature of 37.97 deg. Fahr., or 711,456.37 
Ibs. ; allowance being made for a small 
leakage, and for a slight enlargement of 
the tank when filled, the dimensions 
having been taken when empty. 

The coal used was white ash anthracite, 
from the Preston and Gilberton mines, 
taken from a lot of about 14,000 tons re- 
ceived during the year 1869; part of it 
was exposed to the weather and part of 
it stored under sheds. It was taken with- 
out selection, but I have learned, subse- 
quently to the trial, that about half a ton 
of slaty lumps was thrown out in the 
boiler-house, and an equal quantity of 
purer coal substituted. The coal was 
weighed on platform scales, 2 tons ata 
time ; the scales having been previously 
adjusted to weigh accurately, by the 
official sealer of weights and measures for 
the city of Lowell. 

The total amount of coal weighed out 
for the trial was 
Of this, not ae on grate .. 2, 
Cinders picked out from 
ashes at end of trial, that 


might have been burned, 
but could not conveni- 
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ently be returned to the 


grate during the trial.... 1,112.5 ‘ 


3188.5 ‘* 


Total amount of coal burned 81931.5 * 


The temperature of the feed water was 
observed in the feed pipe near the force 
pumps, by a thermometer, the bulb of 
which was inserted in the pipe and ex- 
posed to the current, the scale projecting 
through a packed joint. The pressure of 
the steam was observed by an Ashcroft 
gauge in the steam pipe between the 
boiler and the Ist valve. The tempera- 
ture of the steam was observed in the 
steam pipe, close to the pressure gauge, 
by means of a thermometer inserted in a 
tube filled with oi!, fitted into the pipe. 
The temperature of the gases escaping 


means of a similar tube, filled with oil, 
inserted in the sheet-iron flue, about 10 
in. from the chamber over the boiler. 
The temperature of the air in several 
places was also observed. All the ther- 
mometers used have been tested since the 
trial by Huddleston, the well known 
thermometer maker, of Boston, and the 
pressure gauge by the American Steam 
Gauge Company, of Boston. In the 
results given the corrections have been 
applied : 


Mean temperature of water “in feed 
pipe (extremes 41.6° and 36.5° 

Mean temperature of steam in steam 
pipe (extremes 322° and 294°) 

Mean pressure of steam in steam pipe 
above the atmosphere (extremes 79 
BOG, OME GB.BINE). 2... cccces. sesee 

Mean temperature of gases in flue (ex- 
tremes 355° and 208°) 

Mean temperature of air in boiler-room, 
at thermometer 5 feet above floor 
(extremes 82.5° and 55° 

Mean temperature of air in boiler-room, } 
at thermometer 40 feet above floor 
(extremes 130.5° and 107.7°) 

Mean temperature of air out-doors, in 
shade (extremes 51° and 19°) 

Water evaporated from the initial 
temperature of 37.97° by each pound 

etentiinn 711456 . 37 


91931.5 


37.97° 
311.8° 


66.46 lbs. 
286.4° 


8.684 Ibs. 


To reduce this to the evaporation from 
212°, I use the formula given by Rankine, 
at page 254 of his “ Manual of the Steam 
Engine,” viz. : Bed == 1092 + 0.3 (T,— 
32°) — (T, — 32°). In which, h,. 

the multiplier « of the observed weight of 
water evaporated by each pound of fuel, 
which, being divided by 966, gives the 


Vou. I1.—No. 2.—12 





weight of water which would have been 
evaporated by each pound of fuel, had 
the water been both supplied and evapo- 
rated at the boiling point corresponding 
to the mean atmospheric pressure. 


T, =the temperature of evaporation 
(see below) 


299.46° 
T, = the temperature of the feed 
WOEOT BE occ ccc ccccccccess-secce 


37.97° 
——e the ) values for T, and T. 
WO DATO Bigg OE noc cincnscccescics 1166.27 
And the cahalion amount of water, if 
supplied and evaporated at 212° = 


1166.27 
8.684 x Pee ttre eee 10.484 Ibs. 
As above described, the boiler is so con- 
structed that the heated gases all pass 
through the tubes, the upper 3 ft. of their 
length being above the water line. The 


from the boiler was also observed by | exterior of the upper 9 ft. in height of the 


central cylinder, which is steam space, is 
also exposed to the heated gases. The 
effect of this arrangement being, of course, 
to superheat the steam. 


The observed mean pressure of the 
steam, per square inch, above the 
atmosphere, was 

The temperature of saturated ste:m, of 
this pressure, according to Regualt, 
as given in the table in the ‘ De- 
scription of Richards’ Improved 
Steam Engine Indicator,” by Chas. 
T. Porter, London, 1 i 

Mean observed temperature of the 
steam. 


66.46 lbs. 


cooee 311.80° 
Excess of the observed temperature, 


being the amount the steam is super- 
12.34° 


The superheating being part of the useful 
eect of the fuel, its equivalent in evapo- 
ration of water should be added to the 
results obtained above. 


The specific heat of steam being, ac- 
cording to Rankine, 0.475, that of 
water being 1. The equivalent eva- 
poration of water from the initial 
temperature, due to the superheat- 

: ig 0-448 x ».684 K 12.34 
—_ 1166.27 — 

Which added to 8.684 lbs., gives for 
the equivalent evaporation from the 
initial temperature 

The equivalent evaporation from 
212°, due to the superheating, is 
0. i x 12. 34 


0.044 Ibs. 





8.728 Ibs. 


0.064 Ibs. 


Which, added * to 10.484 lbs., gives for 
the equivalent evaporation from 
B12 ..cccccccee pereecsesseeoceecs 10.548 Ibs, 


When in ordinary use, the temperature of 
the feed water is sensibly raised by pas- 
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sing through the tank over the boilers ; 
this is, of course, part of the duty of the 
boiler, and its equivalent in evaporation 
should be added to the above in order to 
give the total evaporative power of the 
boiler. In this trial the feed water was 
not so heated, and I have no means of 
ascertaining to what extent it would have 





been heated if it had passed through the 
tank in the usual manner ; I therefore do 
not attempt to allow for it. 


The amount of clinkers was.......... 3261.0 Ibs. 
6 ee aaes 0 * =. ..ccccee SERRE * 





Amount of clinkers and ashes not re- 
turned to the fire................-. 4583.5 * 
Or about 5} per cent. of the coal burned. 





COLD BLAST, WARM 


BLAST, HOT BLAST. 


Correspondent Lake Superior ‘* Miuing Journal." 


The last two are relative terms ; and, | | evolved, but the combustion is confined to 
considering that the natural temperature | the more immediate vicinity of the tuyeres. 
of the air varies from 100 deg. above to It is well known that cold-blast furnaces 
one-half as many deg. below zero, in this | are hotter in the upper parts than hot- 
latitude, strictly speaking, all are relative | blast furnaces, while in the latter the zones 


terms. 
however, a blast heated up to not exceed- | 


In the iron trade of this country, | of reduction and melting are lower down 


in the furnace. The gases raising from 


ing 450 deg. Fahrenheit is said to be! this deep-seated region of greatest heat 


warm ; from that up to the melting of 
lead, and somewhat above, has been called 
hot blast. 


give out their caloric to the descending 
stock, thus thoroughly preparing it, and 


But of late some of our fur- finally leave the furnace mouth at a lower 


naces reach 900 deg., and in England! temperature than those of cold-blast 
1,200 deg. is said to have been attained. furnaces. 


If we retain the nomenclature which forms | 
' of combustion due to heated air has been 


our heading, a new term will have to be 


added—we suggest red-hot blast. And/ 
this is the literal fact: air and all other ' 


between 900 deg. and 1,000 deg. Fur-| 


naces are now running in Pennsylvania 
where the goose-neck pipes are so hot as 
to light up the tuyere arches at night. 

One advantage of heating the blast is 
very apparent ; cast-iron melts at about 
2,800 Fahr. Now, all air going through 
the furnace must be raised to this temper- 
ature. If we put the air into the furnace 
at 400 deg., we evidently save one-seventh 
of the fuel required to heat the air; a 
very important item when we consider 
that it takes about 10 tons of air to pro- 
duce 1 ton of iron. 

But this is not the whole, nor even the 
greatest advantage, as all know who have 
made hot and cold blast iron in the same 
furnace, for experience shows that the 
saving of fuel is from 20 to 50 per cent., 
in using hot against cold blast, and the 
make increased in a still greater propor- 
tion. This is due to the increased chemi- 
cal affinity found to exist between heated 
air and coal. Combustion takes place 


more rapidly, hence is more intense and 
concentrated. No more units of heat are 





| dizing influence. 
| tion, the fact is established that hot blast 


The reason of the increased intensity 


explained by supposing the rarefied oxy- 
gen to more easily permeate the pores 


substances begin to show a dull red at, and interstices of the fuel, thereby in- 


creasing the surface exposed to the oxi- 
Whatever the explana- 


produces iron faster in any given furnace, 
and with less fuel than cold blast. No 
limit has yet been found. Theoretically 
there must be carbon enough to act as a 
reducing agent; but practically the 
amount of heat that can be employed seems 
likely to be limited by the difficulty of 
keeping joints tight and working about 
highly heated pipes. 

As to its effect on the quality of the iron 
produced, there has been much discussion. 
When we consider that within the experi- 
ence of many of our older iron masters, 
all the iron made in the world was cold 
blast, and that now it is nearly all hot, 
we need have no serious apprehensions as 
to the future of the hot-blast metal. 
Producers and consumers of cold-blast 
iron who had made money in the trade, 
were naturally opposed to any change 
which looked to a rebuilding of their fur- 
naces and a revising of their traditions. 

Iron workers are conservative. Again 


tn Ci a te al bee 


~~ ss 
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there is a universal belief among men 
that what costs the greatest amount of 
time, material, and money to produce 
must be the best (and it is not a bad 
general rule), hence that this cheaply-pro- 
duced, new-fangled pig metal was of an 
inferior quality. Again the hot-blast men 
soon found that they could produce good 
metal from sulphurous and other inferior 
ores that had before been considered 
worthless. This was bringing “good out 
of Nazareth,” and was against them. But 
time has changed all this ; it would not 
now be possible to make all the iron con- 
sumed in the world if done by cold blast. 
English hot-blast mineral fuel iron is now 
put to some of the most trying and im- 
portant uses, for which a short time ago 
only cold-blast charcoal iron was deemed 
fit. 

But there is often a difference between 
cold and hot-blast iron, and it is not im- 
probable that some ores may produce a 
better iron worked cold than hot, in the 
present state of iron metallurgy. 

Intense heat in the furnace tends to 
reduce the silica and leave its metal sil- 
icon in the pig, where it is objectionable 
for some uses, particularly for bar iron. 
This can generally be corrected by using 
a larger amount of lime, which, uniting 
with the silica, carries it off in the slag. 
It would be well for.furnace men propos- 
ing to raise the temperature of their blast, 
to bear this in mind. 

To illustrate and apply these sugges- 
tions in Lake Superior practice, let us 
look for a moment at the Deer Lake Fur- 
nace. 

The stack is 33 ft. high, 7 ft. 8 in. bosh, 
hence probably the smallest furnace built 
in the United States within five years, and 
in this particular a grave mistake. The 
furnace runs but six days in a week, bank- 
ing up Saturday night at 12 o'clock, and 
starting again the following midnight. 
This practice we believe to be a mistake, 
not only from the money-making stand- 
point, but on true moral and religious 
grounds ; but it is neither to the size of 
the furnace nor to its religion we desire to 
call attention here, but to its enormous hot- 
blast oven, and the remarkable results it 
is producing. 

This oven, arranged on Player's plan, 
contains 45 tons of metal, which is 50 per 
cent. more than found at our largest 
charcoal furnaces having twice the capa- 





city of the Deer Lake stack. The furnace 
is driven by water, hence all the gas is 
available for heating the blast, and being 
all collected by the cone and thimble ar- 
rangement, is burned in the great oven 
which heats the blast near to red hot. 
Messrs. Ward & Hall have no means of 
measuring the temperature ; they only 
know that it is a great deal hotter than 
the melting of lead. 

As to results : the furnace has averaged 
11 tons per day for three weeks on 
110 bushels of coal per ton, one-half of 
which was soft coal, mostly pine tops. 
New York Company’s hard ore only was 
used, averaging 66 per cent. 

We know that somewhat better work 
has been done, but considering the great 
disparity in the size of the furnaces, and 
the inferior quality of the fuel used at 
Deer Lake, and the weekly stoppages, this 
is extraordinary work. 

We also know that the concern is very 
well managed, but believe that the above 
record is chiefly due to a very large hot- 
blast oven, and to the fact that all the gas 
is available for heating the blast. 

Application : Proprietors and managers 
of hot-blast water furnaces, running on 
L. S. ores, had best follow the lead of the 
Deer Lake—tear down their ovens and 
build larger. The thanks of the charcoal 
ironmakers of this region are due to Mr. 
Ward for having pioneered red-hot blast 
into Lake Superior practice. 

If any furnace man wishes to know 
about how much money it is costing him 
to support the magnificent flame out of 
the mouth of his furnace, let him build a 
fire of corresponding size on the fill plate, 
feeding it with charcoal at 13 cents per 
bushel (stumpage and kiln rent in) ; he 
will know at the end of a month what it 


costs to be a “ fire worshipper.” 

\ Ricue, in his researches on alloys, 
i. finds that tom-toms and cymbals 

are made of bronze that can be worked 

cold the same as iron or aluminium 

bronze. The best tone is produced by an 


alloy composed of 78 parts of copper and 
22 parts of tin. 








RIDIuM, used as a coloring matter for 
glass and porcelain, gives a tint of 
intense blackness. 
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THE STRUCTURAL 


UTILITY OF IRON. 


From “The Builder." 


Recent incidents cannot fail to awaken 
a certain degree of interest in architec- 
tural and engineering circles, apart from 
that which is associated with the fracture 
of the Holborn Viaduct columns. In ac- 
cordance with the conclusions of those 
whose opinion in such matters is regarded 
as deserving every attention, it would ap- 
pear that the perishable nature and prop- 
erties of iron as employed in static engi- 
neering no longer forms the principal 
object to be considered in reference to its 
utility or value as a building material. 
The decay to which iron is exposed from 
atmospheric changes and by variations of 
temperature has long been within the 
knowledge of many, and more recently the 
transitional qualities which iron and steel 
have been observed to possess, have at- 
tracted more general recognition. The 
molecular aggregation and dissociation of 
iron have been demonstrated to such a 
point of clearness that the material may 
be said to be capable of being held in at- 


mospheric tension more eminently, per- 
haps, than any other substance employed 


in building. In addition to this circum- 
stance, the molecular capacity of iron is 
known to be such as to admit of essential 
changes of its properties and functions. 
The same bar of material would, in accor- 
dance with the varying conditions of its 
employment, exhibit all the features and 
elements of new and distinct substances. 
The freedom of motion to which the con- 
stituent elements of iron and steel are 
known to be susceptible admits of the 
presentation of various orders or classes 
of fracture in the same sample, and the 
nature of such fractures may be said to 
determine the practical limits of the adap- 
tation of iron as one among the materials 
of construction. 

The sudden fracture of railway-carriage 
axles is sometimes attributed to a change 
effected in the material by vibration. 
After subjection to vibratory tests, a bar 
of fibrous iron has been observed to have 
completely changed, presenting a granular 
or crystalline fracture, it may be ; and it 
is eqally possible that a crystalline or 
granular sample should, under certain 
conditions, acquire the properties and 
features of a fibrous specimen. The sin- 





gular atrophy, or withering away, to 
which iron, under some circumstances, is 
liable, and of which a familiar instance 
may have been noted on the part of many 
at the base as well asin other parts of iron 
railings, may readily suggest itself. Al- 
though an incident probably in a measure 
now obviated, and comparatively of but 
little moment, such exhibitions, notwith- 
standing that they may be said to be cap- 
able of being effectually remedied, invite 
special observation on the part of those 
who may be led to widely adopt the em- 
ployment of iron in construction. 

It might be unavailing, if not alto- 
gether devoid of interest, to single out the 
more trivial and fortuitous examples of the 
speedy decay to which the material under 
consideration is occasionally seen to arrive, 
but the total and intrinsic degeneration of 
such a substance by its mere proximity to 
others, whatever the process through 
which such a result is reached, is a sub- 
ject possessed of unequivocal claims to 
investigation. In alluding thus promi- 
nently, it may be viewed by some, to what 
may be open to be regarded as the more 
unfavorable elements of this question, we 
would be understood as far from discoun- 
tenancing the application of iron in a 
constructive direction. Many circum- 
stances, however, we incline to think it 
would be agreed, contribute to indicate 
the necessity of some selection as to those 
conditions under which its employment 
would become more appropriate and effec- 
tual. 

Upon the completion of many impor- 
tant erections in which iron is seen to 
have been largely employed, it is by no 
means an infrequent occurrence to observe 
that opinions are in certain directions at 
once set in motion, to the detriment of 
the undertaking in many instances, it may 
be gratuitously, but in the general result 
uniting to diminish the assurance of the 
public with reference to the stability or 
safety of such structures. 

It has upon some occasions unhappily 
proved too well founded that substantial 
grounds may have existed for some 
amongst the numerous deductions to 
which these speculations are likely to lead, 
while in other instances the conclusions 
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which have been derived have been alto- 
gether disproved or shown to have been 
unfairly or unduly exaggerated. 

It is a matter confessedly of such diffi- 
eulty, even in the engineering circles, to 
assume an unconditional responsibility 


with reference to some of the reputed prop- | 
iron, that a tendency has | 


erties of 
declared itself on the part of those more 
intimately interested in that science in 
connection with which its structural use 
is so closely associated, to endeavor to 
discover continually improving and more 
favorable modes of its application. 

It is this latter view of the subject prob- 
ably which may be considered to pos- 
sess more special claims to the notice of 
our readers, nor should it be omitted to 
be conceded that in entering into a more 
critical examination of what few would 
probably treat as altogether unimportant, 
the modest pretensions which have been 
put forward on the part of the engineer- 
ing profession are calculated to invite con- 
siderable forbearance, and may happily 
induce the supposition that the authority 
which age and experience can alone im- 
part to the principles of any art or science 
may be expected to operate in its favor as 
it has done in many analogous instances. 

Perhaps the most complete and authori- 
tative inquiry which has yet been made 
with reference to the utility of iron for 
purposes of construction, is that which was 
instituted some twenty yeare ago before 
the committee for inquiring into the ap- 
plication of iron to railways. Since the 
time at which those investigations were 
conducted, the theory of the structural 
utility of iron has sought to embrace such 
conditions, and the process of the manu- 
facture of that material have undergone 
such modifications, that in the future in- 
terests of architectural, no less than engi- 
neering science, it would appear far from 
undesirable that some similar inquiry 
should now be established. 

The important experiments upon the 
properties of iron and steel which we owe 
to Mr. Kirkaldy, and to which we had oc- 
casion to allude in a notice of Mr. Bindon 
Stoney’s lately-issued work “On the 
Theory of Strains in Girders and similar 
Structures,” would almost of themselves 
suggest the wisdom of further legislative 
inquiry ; for while manufacturers and 
public alike may appeal, in a certain meas- 
ure, to the results of such experiments 





as likely to exercise a salutary check over 
the constructive application of the mate- 
rials in question, it is the result of a purely 
voluntary and promiscuous system. 

It may be fairly questionable whether 
the subjection, say, of the whole series of 
links of a suspension bridge to a fixed and 
arbitrary strain, is calculated to enhance 
the stability of such structures when erec- 
ted. 

Mr. Stoney, in stating that the functions 
and properties of iron become changed 
after its subjection to various strains, has 
recorded what has long been known per- 
haps in a less determinate form. What- 
ever may chance to constitute those ob- 
scurer qualities in iron and steel to which 
attention is attracted upon the occurrence 
of unexpected ruptures or disasters 
through the employment of those mate- 
rials, it is obvious that they appear calcu- 
lated to afford important constructive 
facilities, and will always invite employ- 
ment in some building capacity. It is of 
practical moment, therefore, to the archi- 
tect to seek to bring under more critical 
examination the occasions of failure in 
either of those materials in their structu- 
ral application. The fall of the Manches- 
ter Station roof, some two or three years 
ago, it may be remembered, was attributed 
to a flaw in some portion of the casting ; 
while the more recent instance of the 
Caledonian Station has been laid to the 
account of a tie-bar giving way; and in 
the case of the Ludgate-hill Station, the 
accident was referred to the simple mis- 
placement of a strut. 

It is with no intention of imparting an 
undue importance to such incidents that 
we make reference to occurrences some 
two or three years old ; but the integrity 
of an extensive undertaking, it may be in 
iron, has been so frequently traced to, and 


imperilled by, the giving way of some tri- 


vial support, or member of the general 
structure, that the circumstances may de- 
mand pointed observation in any further 
inquiries into the strength and adaptation 
of such materials. In reference to novel 
discoveries in static engineering and at- 
tempted improvements in the application 
of the materials with which that science 
is identified, it cannot but afford matter 
of congratulation to notice any instances 
where it may have been more clearly 
shown that undoubtedly successful results 
have been attained. 
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Although the extraneous successes of 
certain engineering experiments may be 
said to possess less interest in architec- 
tural circles than where it has been sought 
to import similar endeavors into the do- 
main of architecture, it must necessarily 
be of interest to note those claims which 
are occasionally alleged upon special 
grounds, with reference to the allied arts 
of construction. Apart from the employ- 
ment of iron, so obviously has the theory 
of engineering been necessarily founded 
upon certain of the principles of archi- 
tecture, that a sense of usurpation reigns 
in engineering circles wherever the dis- 
tinctive element is more notably absent ; 
and this it is which, in the opinion of 
some, might be held to shed light upon 
the assertion of an eminent member of 
the profession, that it has been very un- 
satisfactory to attempt to describe in a 
few general words what a civil engineer 
really is. 

As an illustration of the more unfixed 
elements upon which the art of construc- 
tion in iron is yet based, reference might 
be made to the evidence which was given 
by Mr. Robert Stephenson before the 
Committee of Inquiry, upon the applica- 
tion of iron to railway structures. The 
report of this Commission is known to 
be still regarded as of high authority in 
engineering practice, and the cireum- 
stance may be noted with all the more 
pleasure, as instancing the undoubted 
progress which has been made since the 
time of the inquiry in the profession to 
which it relates. 

Upon being asked as to his opinion 
with regard to suspension-bridges, and 
whether he considered them at all appli- 
cable to railways, Mr. Stephenson re- 
plied: “To a very small extent. I do not 
think, with the prospect of our weights 
increasing upon railways, that you can 
run a locomotive over any chain-bridge in 
existence.” 

We have already had occasion to advert 
to the opinions which have been de- 
rived by Mr. Edwin Clark as_ to 
the construction of suspension-bridges, 
wherein he expresses his belief that the 
erection of a suspension-bridge sufficiently 
rigid for the purposes of locomotive traffic 
would be tantamount to the construction 
of atube. Mr. Peter Barlow, whose ex- 
perience in the structural application of 


iron entitles his opinion to great weight, ! 








is at issue with Mr. Clark, and remarks 
that, “although unsupported by fact or 
experiment, Mr. Edwin Clark’s theory has 
been received and acted upon, not only by 
a large portion of the public, whose im- 
pressions of suspension-bridges are de- 
rived from what had hitherto been con- 
structed of insufficient strength and with- 
out being combined with a girder, but it 
it had been received and acted upon 
by engineers of eminence in this country.” 

In the inquiry before the Commission to 
which we have alluded, an important ex- 
ception was taken by Mr. Stephenson in 
favor of a system of suspension-bridge 
which at that time attracted considerable 
notice. The discovery invited such at- 
tention that Lord Western was induced 
to communicate at great length with 
Viscount Melbourne as to the superior 
applicability of the system to the repair 
or renewal of the Menai Bridge, deducing 
from actual experiments its merits in 
bridges of large span. This class of struc- 
ture is known as Dredge’s Patent Taper 
Suspension Bridge. Lord Western ob- 
served that the inventor insisted on the 
possibility of reconstructing the ironwork 
of the Menai Bridge at a less sum than the 
superfluous iron would sell for, pledging 
himself to the power of the bridge if the 
irons were altogether altered, using Lord 
Western’s words, and reconstructed on 
his principle, to be capable of supporting 
on transit 1,000 tons. 

The main principles of the Dredge sus- 
pension-bridge would seem to be com- 
prised in the employment of pyramidal 
suspension-chains, and the substitution of 
oblique for vertical rods for connecting 
the suspension-chains with the roadway. 
The invention of Mr. Dredge, with refer- 
ence to the application of iron in the erec- 
tion of bridges more particularly, was 
supposed to embody such important struc- 
tural principles, that, apart from the ex- 
ception which was made in its favor before 
the Commission to which we have referred, 
it may now upon various grounds be found 
to possess further claims to practical con- 
sideration. 

The Dredge principle is stated to have 
been founded upon the view that bridges 
are only brackets, and should be depend- 
ent upon their bases or abutments, and 
the strength of the material of which they 
are constructed, like the human arm, 
which depends on the shoulders, and not 
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on the fingers’ ends—or the limb of the 
oak, which is sustained by the larger part 
of the branch that grows from the tree, 
and not by the ends of the twigs at its 
farthest projection. Bridges have hith- 
erto been made to rest on their centres, as 
beams in architecture, and hence the su- 
perfluous material in them, with the im- 
mense accumulation of leverage that exists 
on their centres, is the cause of their un- 
dulation and destruction. In a common 
bridge, whose depth is one-twentieth of 
its length, and the weight 1,000 tons, the 
central forces are computed at 5,000 tons, 
instead of which no description of force or 
weight, according to the Dredge princi- 
ple, should exist on the centre of the arch 
of any bridge, for it is but the extremity 
of two projections. The operation of the 
system is therefore in the direction of the 
annihilation of these static forces, which 
of themselves tend to destroy the struc- 
ture, and to counteract which an excessive 
quantity of material must necessarily be 
employed, in accordance with more usual 
practices. One of the more important 


elements in connection with the erection | 
of all suspension structures of the nature 


in view, has been the acquisition, at the 
least cost, of the maximum rigidity. and to 
accomplish this, various experiments have 
been suggested and employed. In the 
original suspension-bridge which existed 
at Hungerford Pier, in the line of the 
present Charing-cross railway, the lateral 
motion, as well as the deflection of that 
structure under passing and unequal loads 
was remarkable. In that case, as in the pres- 
ent Hammersmith and Chelsea bridges, the 


roadway was attached to supporting 


chains by vertical rods; but in the substi- 
tution of oblique bars in the Dredge sys- 
tem, considerable rigidity was supposed 
to have resulted. A more special treat- 
ment of this element of bridge construc- 
tion may be noted in Koch’s system of 
suspension, a class of structure perhaps 
deserving of fuller notice than it has yet 
received ; but the more conspicuous in- 
stance is that to be observed in the stiffen- 
ing which has been imparted tothe Niagara 
Railway Bridge, by means of timber trus- 
sing following up the direction of the 
chains. This feature has been reproduced 
in Lambeth Bridge, iron being there, 
however, substituted by Mr. Barlow for 
the timber, as employed in the Roebling 
system. In most of the instances which 





we call to mind, the metallic section of the 
supporting-chains has been uniform at 
any point along the span, nor do we re- 
member any case of such singular devi- 
ation from this principle as that to be 
noted in the pyramidal chain-bridge. The 
attempted economy of material towards 
the centre of lattice girder bridges may 
faintly shadow out the principle involved, 
and we cannot resist the impression that 
an exaggerated view has been taken as to 
the possible saving of material as between 
the Dredge principle of suspension and 
others. Perhaps the most exquisite adap- 
tation of iron to structural purposes— 
that is, in a useful sense—to which we 
may refer, is instanced in the case of the 
London, Chatham, and Dover Railway 
Bridge, erected at the crossing of the 
Thames at Blackfriars ; but it seems un- 
happily possessed of fewer lasting ele- 
ments than its present neighboring 
structures. 

The results of the experiments which 
were communicated by Lord Western to 
Lord Melbourne, upon the distinctive 
features of the Dredge bridge, would ap- 


| pear well calculated to attract the atten- 


tion of the scientific ; but, as we have 
before had occasion to notice, the extreme 
divergence of views entertained by the 
more eminent professors of engineering 
detracts from the value or importance, in 
a measure, of individual conclusions. 
Whether greater triumphs may be derived 
from the application of wire cables, 
assisted by vertical and horizontal trus- 
sing by the system of pyramidal chains 
and oblique suspension-bars, or by the 
tubular system conjoined with chains, or 
in the form of tunnels, we would be in- 
disposed at this moment to venture to 
predict ; meanwhile attention is being at- 
tracted to more recent discoveries as to 
the structural application of iron and 
steel. Out of the mass of conflicting and 
antagonistic evidence with which the 
theory of engineering is obviously beset, 
it would afford matter of congratulation 
should some settled principles be evolved, 
and it is because we incline to the view 
that at length some tendency in this 
direction may be detected, that we would 
seek to bring under notice some few of 
the more striking features of that art. 

_— has now more than 2,000 miles 

of railway. 
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ON SOME RECENT IMPROVEMENTS IN PISTONS. 


From ‘+ The Engineer.” 


In pistons of many descriptions at pres- 
ent in extensive use, metallic or other 
packing is employed, and frequently in 
such manner as often to require adjust- 
ment by screws or other means provided 
for that purpose, which adjustment, be- 
sides requiring great skill and extreme 
care, must be always more or less uncer- 
tain, and consequently unsatisfactury, as 
the workman performing the operation 
under ordinary circumstances has no relia- 
able indication of the extent of compres- 
sion of the packing. The result often is 
that pistons are at first starting,so tightly 
packed as to cause great waste of power 
by friction, besides occasioning rapid wear 
ot the piston and cylinder, so that leakage 
qnickly follows, thereby necessitating the 
repacking of the piston at frequent inter- 
vals, an operation which usually involves 
considerable expense and loss of time. 

Another description of packing in very 
common use is the ordinary plain cast-iron 
ring, which is likewise open to the objec- 
tio. that on being first put in, it presses 
to a greater extent against the cylinder’s 
surface than is the case after working for 
some little time, besides which, its pres- 
sure does not vary in proportion to that 
of the steam upon the piston’s side ; con- 
sequently there is great loss by fric- 
tion at first, and subsequently by leakage 
arising from excessive wear. 

Now Messrs. Quick and Sampson obvi- 
ate these serious evils by the employment 
of a novel and simple method, invented 
by them for causing the ring or rings of 
the piston to press constantly against the 
inner surface of the cylinder with a force 
which shall vary in proportion to the ex- 
tent of variation between the pressures on 
the respective sides of the picton, the 
packing being so adjusted as to form a 
good but not unnecessarily tight joint at a 
minimum pressure, to force the piston ring 
or rings more and more tightly against 
the inner surface of the cylinder as the 
pressure upon the side of the piston in- 
creases, and to correspondingly reduce 
the force with which the ring or rings so 
presses or press against the cylinder in 
proportion as the pressure against the 
piston’s side diminishes ; and they attain 
these results without the direct action of 





the steam or other actuating fluid behind 
the packing rings. For these purposes 
the block or body of the piston is formed 
with small holes or passages, the number 
of which may be varied to suit the size of 
the piston, and these small holes or pas- 
sages are fitted with corresponding small 
pistons properly packed and capable of 
moving therein when influenced by any 
excess of pressure at one side of the pis- 
ton over that at the other side. The appa- 
ratus is so arranged that in the normal 
position of these small pistons—that is, 
when there is an equal pressure on both 
sides of the main piston—the latter will 
lie or move perfectly easy within the cylin- 
der, but that any change in pressure on 
the respective sides of the piston will 
cause the small pistons to move endwise 
within their respective holes or passages 
in the block or body of the main piston, 
and such movement of the small pistons 
will be communicated from them through 
the cap, top plate, or junk ring of the 
main piston, or through suitable L pieces 
or equivalent devices, to the packing ring 
or rings, so as to force the latter against 
the inner surface of the cylinder. 


Fig. 1 represents a tranverse section, 
and Fig. 2 a plan (to areduced scale) of 
part of a 55 in. piston which has been 
working constantly for upwards of twelve 
months in asingle-acting pumping engine 
at the Southwark and Vauxhall Water- 
works at Battersea. 

A is the block or body of the piston ; it 
is formed with three holes or passages A’, 
provided with small pistons B, 3} in. in 
diameter, which work therein, and are 
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made to fit accurately by means of pack- | pressure of 20lbs. per square inch. This 
ing springs. The pistons B are connected , arrangement may also be applied with 
to the junk ring C by small stems D, and great advantage to double-acting con- 
nuts, as shown; Eis the packing ring, densing pumping or marine engines. A 
whose edges are bevelled, and F is an in-' is the block of the piston, it is formed 


termediate ring having only its lower 
edge bevelled. 

The bevelled surfaces of the rings E and 
F and lower part of the packing recess are 
ground so as to fit one another accurately. 


with four holes to receive four small pis- 
tons B, each 4 in. in diameter, which are 
‘connected by stems D, and nuts, to the 
junk ringC, as shown. The block A is 
furthermore formed to receive L pieces 


Any excess of pressure on the upper side 
of the piston has the effect of causing the 
junk ring C to press against the interme- 
diate ring F, thereby forcing the bevelled 
packing ring E against the inner surface 
of the cylinder by compressing it between 
the bevelled surfaces of the block A and 
intermediate ring F. 








G, whose ends G' take in recesses formed 
in the sides of the small pistons B. When 
the pressure of the steam is on the under 
side, the small pistons B act against the 
ends G! of the L pieces, and cause their 
edges G to describe the arc of a circle, 

The piston previously ‘used in this en- | and so to force the packing ring E against 
gine had a cast-iron ring packed up by the interior of the cylinder ; but when (in 
india-rubber interposed between itself and | double-acting engines) the steam pressure 
the block of the piston, the india-rubber is against the upper part of the piston, 
being compressed by the junk or cap ring. ' then the junk ring C presses against the 
The result of the application of theimprov- intermediate ring F, so that the bevelled 
ed piston in this case has been a reduction | packing ring E is forced against the inte- 
in friction during the down stroke equiva- | rior of the cylinder by being compressed 
lent to a steam pressure of one pound per between the bevelled surfaces of the block 


Fie. 2. 





square inch ; while the relief afforded to 
the piston during the up stroke has re- 
sulted in an absolute gain of 10 ft. in the 
height to which the water is raised. 

The old piston had to be looked at and 
repacked two or three times a year, and 
required a considerable quantity of grease, 
whereas the new one, after having run 
for upwards of twelve months without 
being inspected, was found to be in a very 
satisfactory condition, besides which the 
use of grease has been entirely discontin- 
ued. Fig. 3 represents part of a 70 in. 
piston applied to a direet-acting pumping 
engine at the Grand Junction Water- 
works, Kew, working at an average steam 


A and intermediate ring F. 

The following report, dated Feb. 12th, 
1870, is from Mr. Alexander Fraser, engi- 
neer to the Grand Junction Waterworks. 
He says :— 

“ With respect to the patent piston which 
we have had fitted to the 70 in.direct-acting 
engine at our Kew Works, I am happy to 
say that it isa decided success. Since its in- 
troduction we have been able to dispense 
with a ton weight on the loaded plunger, 
showing a reduction in friction of over 5 
per cent. ; and whereas the former packed 
piston required 4 lbs. to 5 lbs. of tallow per 
day, the new piston requires almost none 
lat all. There is a saving on this head of 
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quite £30 per annum, besides other advan- 
tages due to the absence of tallow in the 
cylinder. I shall certainly advocate the 
introduction of the new piston in the 
other engines at our different works, as 
opportunities occur for removing the 
present pistons.” 

A piston of the same construction as 
that referred to in Mr. Fraser’s report 
has just been supplied to the Portsmouth 
Waterworks Company for a double-acting 
engine. Fig. 4 represents to a larger scale 


AW Y/Y) 


part of one of the improved pistons of 10 
in. in diameter as applied with very satis- 
factory results to high-pressure double- 
acting engines at the Southwark and 


Vauxhall Waterworks, Battersea, and 
elsewhere. This arrangement of piston 
is suitable also for locomotives and other 
classes of high-pressure double-acting en- 
gines. A is the block or body of the pis- 
ton ; it is made with three holes or pas- 
sages fitted with corresponding pistons B, 
each1} in. in diameter. These pistons pass 
through suitable holes formed for that 
purpose in the cap-ring C, which is in 
this case fixed to the block or body A of 
the piston by means of bolts; F and E 
are the packing rings. They are kept 
pressed against the interior of the cylin- 
der by means of the T pieces G which are 
fitted into the block A ; the ends G' of these 
T pieces pass through holes in the block 
A, and are let into recesses in the sides of 
the small pistons B. These recesses are 
of sufficient size to allow for the necessary 
motion of the T pieces when actuated by 
the movement of the small pistons, and 





for the same reason the edges G*, G* of 
the T pieces are slightly bevelled. It will 
be evident that when the pressure of the 
steam is on the upper side the small pis- 
tons act against the ends G' of the T 
pieces, and cause their edges G* to de- 
scribe the are of a circle whose centre is 
at X, as shown dotted, and thus to force 
the lower packing ring E against the in- 
terior of the cylinder ; and that when the 
pressure is on the under side the edges 
G* of the T pieces are caused in like man- 
ner to describe the are of a circle having 
its centre at X', so as in turn to force the 
upper packing ring F against the interior 
of the cylinder to form the joint. 

In a report referring to one of these 
pistons, Mr. Anderson of the eminent firm 
of Easton, Amos & Anderson, says :— 
“The patent piston has been in our foun- 
dry engine for a fortnight now, and to-day 
I had the cover taken off the cylinder and 
examined it. The engine is horizontal, 
and runs from 120 to 150 revolutions per 
minute under 50 lbs. steam. I had the fly- 
wheel scotched, and turned the steam 
full on the piston on the side opposite 
that from which the cover was removed. 
I found the cylinder very nicely polished, 
no trace of scoring anywhere, and the 
quantity of steam passing very insignifi- 
cant considering the fact that the cylinder 
had run four or five years with another 
piston and had worn oval in the middle. 

At the Battersea works of the South- 
wark and Vauxhall Waterworks Company 
a piston similar to that referred to in Mr. 
Anderson’s report has been in constant 
use for about nine months. 

During that time it has been examined 
twice, and was on both occasions found to 
be in first-rate order. It was put in to 
supersede a piston with a metallic ring, 
kept up by metallic springs, which, how- 
ever,were a source of constant trouble and 
expense. It may not be out of place here 
to remark that the duty required to be 
done by the engines at such establish- 
ments as the Battersea Waterworks is of 
a character which imperatively demands 
the utmost regularity of action, and there- 
fore that any appliance which is found to 
satisfactorily fulfil the requirements of 
such a situation (as Messrs. Quick and 
Sampson’s piston has done) must, as a 
natural consequence, be one upon whose 
actual performance of its duty the most 
complete reliance can be placed. 





VAN NOSTRAND'S ENGINEERING MAGAZINE. 





THE FORECASTING OF STORMS. 


Extract from an article by L. A, ROBERTS in the ‘* Western Monthly,” 


It cannot be denied, that the complica- 
ted and constantly varying phenomena of 
that fickle entity which we denominate 


the Weather form a problem which in the | the effects of storms. 


nature of things must be extremely difti- 
cult of solution ; and it is hardly probable 
that any man will ever be able in this 
field of inquiry to reach the same satisfac- 
tory results that have rewarded the 
labors of the astronomer. It is a source 
of legitimate pride to Americans, however, 
that in two important departments of 
meteorological investigation citizens of 
this country hold the first rank. To Dr. 
Franklin belongs the honor of discovering 
and elucidating the principles of electri- 
city, and of demonstrating the influence 
of that subtle force upon the earth and 
its atmosphere ; and it was Redfield who, 
something like a century later, deduced 
from his own careful observations of 
storms upon our Atlantic coast the impor- 
tant generalization that there is a class of 
great storms which originate near the 
equator, in the region of the West Indies, 
and rapidly advance, according toa fixed 
law, with a simultaneously gyratory and 
progressive motion, upon a well-defined 
curved axis toward the north pole. These 
storms vary greatly in intensity and in 
breadth—sometimes being confined to a 
narrow belt upon or a little way off from 
the coast, and again extending over a wide 
expanse of land and sea; but that they 
uniformly follow the same general course 
indicated by Redfield has been abundantly 
established by a great number of subse- 
quent observations. It is not designed 
here to enter into an elucidation of this 
important law, but attention is called to it 
as marking one of the few real and tangi- 
ble and practical achievements in the field 
of meteorological science. Its discovery 
and announcement stimulated investiga- 
tors both here and in the Old World to 
renewed energy in their efforts to unravel 
the mysteries of atmospheric phenomena. 
The subject of storms, both ocean and 
inland, was especially studied with quick- 
ened zeal and enthusiasm ; and in due 
course of time un attempt was made 
abroad—first in England, then in France, 
and afterward in other continental 
countries—to utilize the knowledge gained 





‘thereby in the interests of commerce, 
| which, ever since it has existed, has been 
| subjected to constant peril and loss from 


The prevailing 
courses of the most destructive storms in 
various localities having been definitely 
ascertained, measures have been taken to 
give warning to exposed points of their 
approach, by means of the telegraph. 
This intelligence being promptly commu- 
nicated by preconcerted signals to all 
vessels passing within sight of the shore 
or lying at anchor in harbor or roadstead, 
such vessels are enabled to take all neces- 
sary precautions against disaster before 
the storm shall burst upon them; and 
immense damage to shipping has thus in 
very many instances been avoided. 

Notwithstanding the salutary operation 
of this system abroad, however, and not- 
withstanding the peril from storms to 
which our commerce on the great lakes 
and the Atlantic seaboard is constantly 
exposed, no measures have been taken in 
this country, until within the past few 
months, for the inauguration of such a 
system here. Early in the present ses- 
sion of Congress, however, the matter 
was brought to the attention of the House 
of Representatives by Hon. Halbert E. 
Paine, of Wisconsin, who offered in that 
body a joint resolution providing “ for 
taking meteorological observations at the 
military stations and other points in the 
interior of the continent, and for giving 
notice on the northern lakes and seaboard 
of the approach and force of storms.” 
The resolution in full is as follows : 

“ Be it resolved by the Senate and House of 
Representatives of the United States of Amer- 
ica in Congress assembled, That the Secre- 
tary of War be, and he hereby is, authoriz- 
ed and required to provide for taking mete- 
orological observations at the military 
stations in the interior of the continent, 
and at other points in the States and 
Territories of the United States, and for 
giving notice on the northern lakes and 
on the sea-coast, by magnetic telegraph 
and marine signals, of the approach and 
force of storms.” 

This resolution was promptly passed 
by both houses of Congress, and on the 
9th of February, 1870, became a law by 
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the approval of the President. By 
General Orders No. 29 from the head- 
quarters of the army, dated March 15, 
1870, the chief signal officer of the army, 
Brevet Brigadier-General A. J. Myer, is 
charged, subject to the direction of the 
Secretary of War, with the execution of 
the provisions of this enactment, and all 
commanding officers are enjoined to afford 
every facility for the successful prosecu- 
tion of the undertaking ; while scientific 
establishments, commercial associations, 
and others, are requested to aid, by their 
co-operation, in the .accomplishment of 
the work. 

Professor J. A. Lapham, of Milwaukee, 
impressed by the frightful aggregate of a 
single year’s disasters to vessels on the 
great lakes—amounting for the year 1869 
to the immense number of 1,914, with an 
estimated damage to property of over 
four millions of dollars—was perhaps the 
first to suggest some action by Govern- 
ment for inaugurating such a system of 
storm-reporting as, through the efforts of 
General Paine, has now happily been 
adopted. It should be remarked that by 
no means all of the disasters included in 
the aggregate above given were of that 
class which might have been obviated by 
the operation of the system we are con- 
sidering. Very many were due to imper- 
fect machinery, defective boilers, careless 
collisions, conflagrations, and other causes. 
Yet, making all proper deductions on this 
score, enough remain to be attributed to 
the destructive force of severe and un- 
heralded storms, to fully justify any action 
by Government looking to a mitigation of 
the destruction of property and the peril 
and often loss of life which they entail. 
No corresponding statistics are at hand as 
to the yearly disasters upon our Atlantic 
seaboard ; but these are very numerous, 
as is well known, and of these a much 
larger proportion than of the lake dis- 
asters are attributable to the agency of 
storms. Besides the great equatorial 
storms already alluded to, which in their 
course toward the pole follow approxi- 
mately the coast line of the United States, 
our coasting vessels are likewise exposed 
to frequently-recurring tempests, es- 
pecially in the summer season, which 
originate probably upon the great desert 
basin in the interior of the continent, and, 
sweeping eastwardly across the Missis- 
sippi Valley and the great lakes, expend 





their final fury upon the ocean and its 
navigators. 

Nor must we overlook the damage often 
worked on land, as well as upon the 
water, by these latter storms, and by those 
tornadoes of narrower limit and shorter 
duration, but often of even greater intens- 
ity, which prevail at intervals throughout 
the Mississippi Valley and lay waste the 
narrow belt of country which they traverse. 
Of this class was a storm which swept 
through Northern Ohio and on the Alle- 
ghany Mountains in Pennsylvania in the 
summer of 1855, demolishing very many 
buildings in its course, uprooting trees 
and razing fences, and causing the death 
of many persons. So ‘furious was this 
storm, and yet of so limited a breadth— 
only about an eighth of a mile—that 
while in some villages over which it passed 
scarcely a house escaped damage, in others 
only the northern or southern section of 
the town would be devastated ; the outer 
verge of the destructive force being so 
sharply defined that while one house, that 
fell within its track, would be almost 
totally destroyed, another, but a few yards 
distant, would be wholly unharmed. The 
course of this storm may even yet be 
easily traced in the forests through which 
it raged. It cut a clean swath as it went, 
leaving openings that look as if they had 
been cleared for a highway or a railroad. 
The timber thus prostrated was in some 
cases utilized for firewood or for lumber ; 
but in many places the trunks of the trees 
were left in such inextricable confusion 
and tangle—having fallen in every con- 
ceivable direction, and being in some 
instances individually twisted into splint- 
ers, asa result of the rotary action of the 
storm—that it was found inexpedient, in 
a country where timber was plenty, to 
attempt to “pick up the pieces ;” and 
thus the logs were left to rot and replenish 
the earth. And now, throughout these 
storm-openings in the woods, vast thickets 
of the highbush blackberry have grown 
up ; and so we have, as the latest result 
of that furious tempest, an almost unlimit- 
ed abundance yearly of the finest black- 
berries anywhere to be found. 

No one who has witnessed such a 
storm as this will ever forget it. The 
imminent peril of a storm at sea may be 
greater and more appalling ; but nothing 
can be more exciting than one of these 
fierce whirling tornadoes, accompanied, 
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as they almost always are, by a deluge of 
rain and an almost constant rolling of 
thunder and glare of lightning. The 
storm is heralded by a heavy mass of 
cloud in the west or southwest, dark, with 
a sulphurous tinge, over the face of which 
there is an almost constant play of light- 
ning, and within which an ominous mut- 
tering of thunder. Then there is a dash 
of rain, a moaning of the wind, and the 
next moment the storm bursts upon you. 
Then the air is full of a tumult of unwonted 
sounds. Loose shutters, sign-boards, and 
what not, are dashed against the house. 
Chimneys are blown into individual bricks, 
and the bricks come clattering down the 
flues. Doors and windows are burst open; 
the house shudders to its foundations; and 
the next moment you behold your roof 
following your neighbor’s in a wild flight 
for the open country—going to pieces as 
it is borne along like a wreck upon the 
sea—scattering its fragments broadcast, 
some of them being found afterwards 
miles away. Such unfortunate persons as 
chance to be abroad upon the streets 
when the fury of the tempest is let loose, 
strive in vain to make headway either 


with or against the current, and can do 
no better when blown to the ground than 
lie prone there and thank their stars if 
nothing more pitiless than the drenching 
rain shall fall upon them; for factory 
chimneys and church spires go down like 
grass before the mower, and walls are 


falling on all hands. One poor man, 
seeking to rescue a span of valuable horses 
that are hitched to leeward of a house wall 
that he fears may fall, is too late; for 
even while he is in the actof untying the 
halter the wall is down, crushing the 
horses and burying himself to the 
middle in its debris—and there 
he stands, upright, stark dead in 
an instant! A little farther down the 
street an unfinished frame building goes 
down even before the workmen upon it 
can reach the ground, and three men are 
crushed in the mass of timbers and escape 
death by a miracle. 

All this, and vastly more, in one little 
village ; and a dozen villages are in the 
track of the monster. Aye, a monster he 
is, and almost insatiable, but not quite ; 
for right in his course stands a little 
country-house, the inmates of which, 
looking westward, hear his roar and see 
him come crashing through a belt of 





woods a quarter of a mile away. They 
make such hasty preparations as they can 
for the impending catastrophe ; but, to 
their utter astonishment, they find in a 
minute or so that the storm has passed 
them by unharmed and is tearing through 
the woods to the east of them. This 
characteristic of these tempests has been 
often observed. While in general they 
move upon the ground, sweeping it clean 
as they go, occasionally they rise above it, 
and again descend—bounding, as it were, 
like an india-rubber ball that has received 
a superior ground stroke from the cham- 
pion batter of a “ first-nine.” 

Perhaps the most terrible storm of this 
character that ever occurred in the United 
States was that which destroyed the vil- 
lages of Comanche, Iowa, and Albany, 
Illinois, situated upon opposite sides of 
the Mississippi, on the evening of June 
3d, 1860. This fearful storm will long be 
remembered by all persons who resided 
at the time of its occurrence anywhere in 
the region through which it passed. It 
commenced as two separate and distinct 
tornadoes, which, moving eastwardly in 
well-defined and nearly parallel courses, 
crossed Cedar River in Iowa 12 miles 
apart, and then gradually converged, 
until, at a point about 25 miles west of 
the Mississippi, they united, and thence 
advanced in a single column with inde- 
scribable fury. After crossing the Mis- 
sissippi, the force of the storm gradually 
diminished, and it had subsided into a 
mild gale by the time it reached Lake 
Michigan. In this tornado one hundred 
and thirty-four lives were reported to 
have been lost west of the Mississippi 
alone, and over two thousand persons 
were by its ravages rendered homeless. 
A gentleman who witnessed the storm at 
the point of its greatest intensity, de- 
scribes it as looking, when first observed, 
“merely like a threatening cloud; but 
it soon assumed the appearance of a huge 
serpent, extending from the clouds to the 
earth, and twisting and writhing with an 
undulating motion, accompanied by a 
roaring more terrible than that of the 
mightiest cataract.” 

Tornadoes like these, though generally 
somewhat less intense and destructive 
than these, prevail every season, and rage 
with no less fury upon the lakes than upon 
the land ; and as they move almost uni- 
formerly from west to east, or from south- 
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west to north-east, and at a rate of speed 
ranging generally from 20 to 40 miles an 
hour, there would seem to be no reason 
why such a system of storm-reporting as 
that just established by the Government 
should not be made immediately avail- 
able in rendering invaluable service to 
our lake commerce. As to the entire 
practicability of the scheme there can be 
no question. General Myer, in a letter 
to General Paine upon the subject, quotes 
from the telegraphic news despatches in a 
single issue of a Washington newspaper a 
series of reports from different points in 
the West and Southwest, which together 
map out clearly the course and rate of 
progress of a storm of wind and rain that 
prevailed throughout a wide extent of 
territory in January last. These reports 
were made without any concert or sys- 
tem, of course, but show conclusively that 
valuable practical results may be easily 
attained through intelligent concert and 
system. Here are the different des- 
patches: 
“Sr Louis, January 17.—A terrible 
storm of thunder and lightning, wind and 


hail, passed over the city last evening.” 


“Cuicaco, January 17.—During the 
thunder-storm last night the mercury 
stood at 42 deg.” 

“ Loursvitte, January 17.—A terrible 
tornado visited Cave City Station, on the 
Louisville and Nashville Railroad, at an 
early hour this morning.” 

“ Crnomnnati, January 17.—An unusually 
heavy storm of wind and hail, accom- 
panied with thunder and lightning, occur- 
red here this morning.” 

“ PrrrspurGH, January 17.—A heavy rain 
storm, with thunder and lightning, visited 
this city at noon to-day.” 

There is no difficulty in deducing from 
these data the fact that on the evening of 
January 16th a storm prevailed at St. 
Louis, which, moving easterwardly over a 
broad belt of territory, reached Chicago 
some time during the same night, Cave 
City Station the next morning, Cincinnati 
later in the morning, and Pittsburgh at 
noonofthe17th,—having traversed the dis- 
tance from St. Louis to Pittsburgh in some 
18 hours or at the rate of about 30 miles 
per hour. From the newspapers of the 
following day it might have been quite as 
easy to trace the storm on to the sea- 
coast, and perhaps to gather particulars of 
the damage to shipping which it caused. 





For several years the Smithsonian In- 
stitution has been collecting meteorolo- 
gical observations from all parts of the 
country, and laboring to deduce from the 
facts thus gathered the laws governing 
the phenomena of the weather and the 
climate; and the valuable results so 
gained can now be drawn upon in inaugu- 
rating the new system of storm-prediction 
and reporting. “The determination of 
the full details of this system will be ar- 
rived at,” says General Myer in a com- 
munication to the Secretary of War, 
“only after careful study of the modes 
already tested in cther countries, and 
consultation with experienced observers, 
telegraph companies, boards of com- 
merce, and business men, as to their 
application or improvement in our own. 
There will need to be the study and 
determination of the points for observa- 
tion ; the supply of instruments, and the 
facilities for their use ; the exact obser- 
vations to be made ; the exact form and 
times in which, when made, they are to 
be reported; the points at which reports 
are to be collected and deductions from 
them had ; the places at which and the 
modes by which these deductions shall 
finally be announced, by telegraph 
and signal, and so made useful to the 
public, for the benefit of commerce, by the 
warning they may give or the aids 
they may offer. It is a wise pro- 
vision of the act,” he adds, “ that it en- 
ables the army to be thus extensively 
utilized in the interest of commerce, by 
the exercise of duties already established, 
and which will require but additional 
outlay. It would be needless and unwise 
to enter upon large expenditures by at- 
tempting at the beginning too extended 
a scope for the endeavor, * * * [I 
would suggest, therefore, that action 
under the resolution be limited, until the 
best modes for its execution shall have 
been wisely determined.” 

In accordance with this view, he asks 
for an appropriation for carrying out the 
law, of the modest sum of $15,000 for the 
current fiscal year, ending June 30, and 
$25,000 for the next fiscal year, ending 
June 30, 1871. As showing that the 
scheme is regarded with prompt favor by 
the interests it is designed to benefit, 
General Myer mentions the fact that the 
favorable proceedings upon the subject of 
six boards of commerce had, at the date 
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his communication, and within little more 
than a week after the approval of the 
joint resolution, been received at the 
office of the chief signal officer. 

Professor Joseph Henry, of the Smith- 
sonian Institution, writing to General 
Paine in approval of the objects of his 
joint resolution, points out the following 
conditions as essential to the success of 
the proposed system : 

“1st. The points from which the tele- 
grams are to be sent must be carefully 
selected and furnished with reliable in- 
struments. 2d. These instruments must 
be in charge of persons properly trained 
to make the observations. 3d. The tele- 
grams must be transmitted regularly to 
some central point at fixed hours of the 
day. 4th. They must at this centre be 
collated and their indications interpreted 
by persons having a competent knowledge 
of the laws to which the motions of the 
storms are subjected. 5th. I do not 
think the military posts as now estab- 
lished will be sufficient to fully carry out 
the plan ; additional stations would be 
required. 6th. An appropriation would 


be necessary for the pay of the telegrams, 


furnishing the instruments, and the ne- 
cessary superintendence.” 

And Professor Elias Loomis, of Yale 
College, author of a valuable text-book 
upon Meteorology, writes to General 
Paine upon the same subject at length. 
He says : 

“Tt is believed that our knowledge of 
storms is already sufficiently precise to 
enable a competent meteorologist to fur- 
nish information which would be of great 
value to commerce, provided he had at 
his command a sufficient corps of observ- 
ers scattered over a considerable area to 
the west and south-west, and also had the 
means of transmitting his warnings imme- 
diately by telegraph ; and if such a sys- 
tem were pursued for several years, it 
could scarcely fail to conduce to more 
precise knowledge, which would render it 
possible to give more reliable and definite 
warning of the approach of dangerous 
storms. 

“In order to secure the objects here 
contemplated, it would be indispensable 
to have observations from a pretty large 
number of stations at intervals not exceed- 
ing one or two hundred miles, and scat- 
tered over a region to the west and south- 
west of those points for which the warnings 





were regarded as specially important. 
These observations should include all the 
usual meteorological instruments, but 
more particularly the barometer, with the 
direction and force of the wind. The ob- 
servations should be made daily at fixed 
hours, and should be reported by tele- 
graph to some competent meteorologist, 
whose business it should be to compare 
the reports without delay, and make the 
proper deductions from them; and when- 
ever a violent storm was in progress, to 
decide in what direction and with what 
velocity it was travelling; determine what 
places it would visit, and at what hour it 
would arrive ; and finally transmit the 
announcement immediately by telegraph 
to those places especially interested. Such 
a system could not be expected to attain 
satisfactory results without a pretty large 
number of well selected stations, and 
especially without the service of a compe- 
tent meteorologist to superintend the 
entire system. The superintendent 
should be well informed respecting the 
progress which has been already made in 
this department of science ; he should 
have strong faith in the practicability of 
attaining useful results by a system of 
storm-warnings ; and he should have no 
other engagements which would prevent 
him from giving his whole attention to 
this subject, especially whenever a violent 
storm was raging in any part of the 
United States.” 

These coincident views of the two 
highest authorities in the United States 
upon all matters relating to meteorolo- 
gical science doubtless foreshadow sub- 
stantially the actual working of the sys- 
tem when it shall have been fully estab- 
lished. In due time we may reasonably 
expect to see every light-house and other 
prominent and sightly point upon the 
borders of the great lakes and the Atlan- 
tic coast connected by telegraph with a 
central meteorological bureau, to which 
intelligence of an approaching storm can 
be simultaneously and speedily conveyed 
—to be in turn communicated, by means 
of a uniform system of signals, to all 
vessels within reach, in ample time to en- 
able them to prepare for the coming dan- 
ger. 

” That the results of the operation of this 
system will be in the highest degree valu- 
able, both as regards the immediate prac- 
tical object of protecting our commerce 
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from disaster, and as furnishing an aid | portant direction, there can be no reason- 
to scientific investigation in a most im-, able doubt. 





HEAT BY MEANS OF ILLUMINATING GAS. 


From ‘Revue Industrielle.” 


“Gas as a combustible,” said M. Cazin, 
at a recent scientific conference, “ offers 
the best solution of the problem of distri- 
bution of motive power in large towns 
where the illumination by gas is already 
established. The pipes which furrow our 
cities convey a provision for light, for heat, 
and for motive force. We demanded pri- 
marily of the gas the first of these agents; 
we have demanded also the second ; it is 
now time to demand of it all that it is ca- 
pable of affording. Why should not the 
same apparatus afford to the workman in 
his shop light, heat, and power ? 

“When gas becomes cheaper this re- 
markable amelioration of the lot of the 
artisan will be realizable.” 

We will add that the obstacles to the 
employment of gas as a source of motive 
power arise not only from its high cost, 
but also from its disagreeable odor, and 
the absence of proper means for good 
combustion. 

The odor which is produced chiefly at 
the commencement of the operation is 
produced by condensation of some of the 
products of the combustion upon a cold 
surface. It may be prevented in a great 
measure by previously heating the gener- 
ator with another combustible. 

With regard to an efficacious burner, 
we do not know of any; Bunsen burners, 
which are generally preferred, afford hard- 
ly one-half the calorific power contained 
in the gas. 

The Parisian Company have directed a 
series of trials upon the calorific capacity 
of illuminating gas, which give sensibly 
the same results. 

Copper tubular boilers were employed 
of a capacity of 10 to 30 litres. The heat 
was obtained from two Bunsen burners 
with flames from 20 to 25 centimetres 


high. The bottom of the boiler was placed | 


so as to receive the flame at the height of 
14 to 16 centimetres above the base. 

The following table exhibits the results 
of the experiment : 





| 








| 

T:-MPRRATUFE | 
OF 

THE WA‘'ER, 


Gas USED FOR 
EACH 10° oF 
HEaT, 


EXPENDITURE 
OF 
Gas. 


TIME 
OF 
Hpatina, 





Minutes, Litres. 


| 
Degrees. 
10 = 
35 10 | 
60 
80 
90 


100 


Litres, 
160 fd 
188 

191 


100 
100 


739 


15 
15 
7 
7 








54 | 





The boiler weighed 6.5 kilogs.; it con- 
tained 29.5 kilogs. of water. 

The number of calorific units produced 
was therefore 6.5 & 9* + 29.5 K 90f = 
2,713.5. This corresponds to 3,700 units 
to the cubic metre of the gas. 





HE mouth of the Rhone is obstructed 

by a bar of sand, which renders it in- 
accessible to sea-going vessels. The 
Government has undertaken, with the 
assistance of the local authorities, the 
excavation of a canal which shall admit 
such vessels into the Rhone, behind the 
bar, from the Bay of Fos. This canal, 
named the canal St. Louis, begins at the 
back of the bar, near the deserted town 
of St. Louis (in the main branch of the 
river), and ends in the north-western end 
of the Bay of Fos, known as the “Anse 
du Repos,” or Bight of Rest, from its 
peculiar advantages as a harbor of refuge. 
The western end of the new canal will be 
closed by a lock, and the eastern end will 
open into a spacious harbor. The works 
are progressing rapidly, and it is expected 
that they will be completed by next 
August. The depth at the end of the 
main branch is from 14m. to 2}m. ; at 
the entrace of the new harbor is the Bay 
of Fos ; it is 8m.; equal to 26 ft. 





* Calorific capacity of the copper. 
¢ Heat obtained from the gas, 
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FORMULZ FOR STRAINS IN TRUSSES AND THEIR PRACTICAL 
APPLICATION. : 


By S. H. SHREVE, A. M, LL.B., MemBer or American Socrery or Civit ENGINEERS. 


Let a be the point of application of a 
weight or vertical force to be transferred 
to the two supports B and C. It is self- 
evident that this cannot be done without 
the aid of horizontal forces of sufficient 
amount to change its direction to B and 
C; for no increase or decrease of the force 
at acan change its direction. It is also 


Fic. 1, 





evident that the amount of horizontal force 
depends upon the amount of the vertical 
force. The latter in the case of a weight 
upon a girder resting upon two supports, 
without lessening its own amount, creates 
sufficient of the former to carry it to the 
supports and no more ; and as these two 
and their compounds are all the strains 
that can affect a girder, and as they are 








mutually dependent, it follows that from 
one of them, we can determine the other. 

To do this we should use two well-known 
mechanical laws; that of the lever: “Ifa 
weight rest upon a beam supported at its 
extremities, the supports, react with two 
upward pressures, whose sum is equal to 
the weight, and the proportion of the 
weight sustained by either support is to 
the whole weight as the remote segment 
is to the whole beam.” No arrangement 
whatever of the truss can affect this 
law. 

The other law is that of the equality of 
moments : 

“Tf any number of pressures in the 
same plane be in equilibrium, and any 
point be taken in that plane from which 
their moments are measured, then the 
sum of the moments of these pressures 
which tend to turn the plane in one direc- 
tion about that point, is equal to the sum 
of the moments which tend to turn it in 
the opposite direction.” 

The misapprehension of one of our 
authors renders it necessary to explain 
that the moment of a force referred to 
any point is the amount of the force mul- 
tiplied by the distance perpendicular to 
the line of its direction. 

All the cases which are investigated are 
those of girders or trusses with horizontal 
and parallel flanges or chords. 

Case 1.—A girder supported at both 
ends and loaded at the centre only. 


Fic. 2. 


@) 





\ 
‘ 








le 








Let w = weight upon the centre. 

1 = the length of the girder. 

d = the depth of the girder. 

“==the distance of any point from one 
abutment. 

«’ =the distance of any other point from 
the same abutment, 

Hand H’ = the horizontal strains in either 
flange or chord at the points x and 2’. 


Vou. IIl.—-No. 2.—13 





<---x%——--3]Y” 


<--29¢---5 , 





v = the vertical strain or shearing force not 
affecting either flange or chord. 


The whole of the horizontal strain is 
supposed to be concentrated in the flanges 
at the points x and z’, and the flanges re- 
ceive no part of the vertical strain. 

The moments around a point in the 
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lower flange of the girder directly under 
the weight are : the reaction of one abut- 


ment, 5, multiplied by its distance from the 


=: wl. : , 
point, or in one direction ; and to 


resist it, the horizontal strain in the upper 
flange, H, multiplied by its distance from 
the point d; the horizontal strain in the 
lower flange and such vertical strain as 
there may be, pass through the point, and 
consequently have no moments. 

Therefore Hd= + ,orH = = ae @ 

In the same manner the strain in the 
lower flange can be shown to be of equal 
amount; but the latter is a strain of ten- 
sion, while the former is one of com- 
pression. 

Taking the moments around any other 
point in the lower flange, distant 7 from 
the same abutment as before, we have the 


reaction of the abutment, z X x, its dis- 


tance in one direction, and H X d to re- 
sist it, or 


we 


H in eq. (2) is less than the H of eq. (1), 
because «x is less than }, or, the horizontal 
strain is greatest at the centre. 

At any other point, 7’, between x and 
the abutment, 

(3) 
H’ is less than H because 2’ is less than 2, 

Subtracting, 

’ w « - 
H-W =  e e™)) 

An amount of horizontal force that has 
disappeared from the flange between H 
and H' and consequently has passed into 
the web. This it is evident it could not 
do unless a vertical force be united with it. 

In the figure, let a e represent the direc- 
tion of the force that contains the differ- 


w a’ w 





ence of the horizontal forces, or H—H’. 
If a b represent this amount of horizontal 
force, b e will represent the vertical com- 
ponent of a e and therefore, 


w a 
abibe, ora—#id: i> (a—-«) : 3 (5) 


or the vertical force at any point in a gir- 
der loaded at the centre is equal to half 
the weight and is independent of the 
length and depth ; and also of x — 2’, 
which may be considered indefinitely 
small as in a girder with a continuous 
web. 

These are all the strains that can affect 
this case : 

A horizontal force,H = ood at any 
point distant # from the abutment, in 
either flange. 


A vertical force, V = 3 , at any point 


in the web. 
And where there is a diagonal, as in 
a truss, its strain is the resultant of 


w ° w e 
z= vertical, and aa (a—«x') horizontal ; x 


and 2’ being the respective horizontal dis- 
tances of the ends of the diagonal from 
the abutment. Or if i be the angle be- 


tween the diagonals and a vertical, : sec. 


i, is the strain in any diagonal. 

It will be seen from the above that the 
web conveys from one flange to the other 
an amount of horizontal force equal to 
the whole of that in either flange and in 
this manner one horizontal strain neutral- 
izes the other. 

As the horizontal force is only sufficient 
to carry the vertical force to the abut- 
ment, so the vertical force is only suffi- 
cient to neutralize the two horizontal 
strains by bringing them together. 

Let the weight be moveu nearer one 
abutment. 

Case 2. 














VAN NOSTRAND’S ENGINEERING MAGAZINE. 


195 





Let w = the weight. 
m = the distance of the weight from the left 
abutment. 
n = equal the distance of the weight from 
the right abutment. 


° = the reaction of the right abutment 


$ by the principles of the lever. 


n = the reaction of the left abutment. 


l. d. w. H. V. as before. 
Taking the moments as before around 
a point under the weight, we have 


Hxd=—mxn 


ia = 


(In this and the subsequent cases, 
where not otherwise mentioned, « will be 
measured from the right abutment and 
the reaction of that abutment consider- 
ed. ) 

At any point z, 

wm az 
nik & 


and 


(7) 
At x’, 


= wme 
hes ~ ee” 
Subtracting, 


wm 
H-H’ =~ —(e-2’), (9) 


(8) 


Using the same proportion as before. 
wm 
“dl 

In the same manner the vertical force 
between the centre and the left abutment 


a—2’id:: (w#—a’) —— (10) 


wn 
can be shown to equal 7 


Or, the vertical force, in a beam loaded 
at one point, between that point and 
either one of the abutments, is equal to 
the reaction of that abutment. 

As in the first case, we have now all the 
strains that can affect this case. 


Case 3. A girder supported at both ends 
and loaded uniformly. 


Let w = weight of the whole load. 
Ld. x. «.' H. H’. and V. be the same as be- 
fore. 
x—a’ is a constant quantity. 


+ 


= <2 or the distance from the same 


abutment from which x and 2’ are 
measured to a point midway between 
the two. 
The moments around any point distant 
x from the right abutment, in the lower 
flange, are, the reaction of the abutment 





=. - multiplied by its distance « in one 
direction; and in the opposite the load on 
the part x, which is = multiplied by the 


distance of its centre of gravity from the 
point around which the moments are 


taken, which is _ and the horizontal 


strain in the upper flange H, multiplied 
by its distance d, whence 
we we we wet 
incml Neeti lieleing ah 
This is the equation of the horizontal 
force in either flange of a uniformly load- 
ed girder at any point distant x from the 
abutment. 
Ifz=0 orl, then H=0. 


(11) 


Ific= - H =o) the horizontal 


strain at the centre. 
In the same way 
H —” x’ wa’? 
~ 2d dal 
As in the first case, H—H’ represents 
the horizontal force which has united 
with a vertical force and passed into the 
web. This vertical force can therefore be 
obtained as before, from the proportion 
a—a' 3d. 
Subtracting, we have 


(12) 


w 


w a.’ 
itaiens * nail 


(a? —x’*) 
w 

2dl 
w 


w F 
FZ o7 @+*) 


= Ome —7’ ‘ys 
ema id iio 5 (e—«’) (w—a’) (w@+u’): 


(13) 


. eta 
Since u = —— 


2 
v wu 
nia tale 3 

This is an equation giving the vertical 
strain at any point distant uw from the 
abutment. 

From eq. (14) it can be seen that the 
vertical force at any point is equal to half 
the weight less the weight between the 
point and the abutment. 

This equation is entirely independent 
of d or the depth of the girder, and conse- 
quently is applicable to a rafter or an 
arc 

It is also the equation of a straight line 
as shown in the following figure, where 
the vertical force and the horizontal dis- 
tance are the co-ordinates of any point in 
that line. 


(14) 
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D 
Let A be the origin ; on the vertical axis make 


AC by a scale = 3 and on the 


horizontal axis make AB = I, and 
DB= + and join DC. The vertical 


lines will show the amount of vertical 
force at any point. _ 


When u = 0, V => - 


u=V=->, * 
l 
i= ? Vv=0. , 
When wu becomes greater than 5, V has 


the minus sign, showing that the weight 
at that point is carried to the other abut- 
ment. This is shown in the figure by 
the vertical lines below A B. 

It is important to remember that the 


If 
If 


equation V= > : is the same when 
u is measured from either abutment, that 
is if the equation be referred to either 
abutment ; and when V has the + sign 
the vertical force is passing to the abut- 


ment from which u is measured; when 


|the opposite sign, then to the opposite 
| abutment. 
The origin of the axes in Figure 5, can 


be changed to the centre by making ,’—0. 


Then v=—, is the equation of the 


vertical force, u being measured from the 
centre to the right or left. 

We have seen from the equations that 
the horizontal strain is the greatest at the 
centre and zero at the ends, and the ver- 
tical strain is greatest at the ends and 
zero at the centre. 

If x—-z' be considered as indefinitely 
small, uw may be considered equal to «, and 
the above statement can be proved by 
differentiating the horizontal equation 
and obtaining its maximum value, which 


will be found to be when V = 5 = 0, 


or, when 7 = A 

Therefore, when either of these forces, 
the horizontal or the vertical, reaches its 
maximum the other becomes zero. 

The point of greatest fhorizontal strain 





Fria. 5. 





WVT7T77 7) 
fe---y------ > 





7 





y <= -828 = — oe ———- 


is the dividing line between the weights, 
where the load on either side passes to 
the abutment on that side. No vertical 
strain passes this point. 

Case 4.—A partially loaded girder ‘sup- 
ported at both ends. 


t---. 


e 


Let w = the weight. 
m = half the length of the loaded part. 
n= Il—m. 
y = the length of the unloaded part, 
1, x, u, d, H, and V, as before. 


am =the reaction of the right abutment. 
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on = the reaction of the left abutment. 


The moments around a point in the | 
lower flange distant x from tue right | 
abutment are, the moment of the right | Voa-- 


abutment =" i 


horizontal force H multiplied by d, and | 


the moment of the load ou 
—y=_” (z—y). *—Y 
PM O-8 


in the opposite direction, whence 


De 2) 
—~fdm “9 (15) 


This equation will assume the form of 
° l 
eq. (11), by making y =o and m= > 
which would be the case for a girder fully 
loaded. 
For a point x’ between x and the right 
abutment within the loaded part, 
The difference 
le 


an 
H-H =a w’) 


w'*—2y (w—2’) f 


w 
4dm 
(17) 


in one direction ; the putting 


| We again obtain the vertical force from 


d ‘ ‘ 
the proportion —oa which gives - 


wm w 


= int (a+a’)—2y t 


ata’ 
= — — 


— 


(18) 


w 


wm 
Fm OY 


| v= (19) 
| Or the vertical force in this case is * 
equal to the weight borne by the abut- 
| ment less the weight on the part (u - y). 
If the partial load be a constant load the 
| point of greatest horizontal strain is when 
wm w 
Ll ~2m 
The vertical force can also be found 
rom the reaction of the left abutment. 

In the equation 

wm w 

aia lL ~ 2m uy 


V=z (u—y) = 0. 


V increases as u decreases until 
u=y, or u-y=0, when V =~" 
or the vertical force at the end of the load 
and between it and the abutment is equal 
| to the reaction of the abutment. 
| Vv _ wm w 
| ~~ Sm 


‘can be represented as in Figure 6. 





(u—y) 


Fic. 6. 


























D 


A B is the length of the girder, B D the 
weight borne by the left abutment, A C 
the weight upon the right abutment ; BE 
the part of the girder covered by the load, 
the vertical lines representing the vertical 
strain at any point, those above A B have 
the + sign in the equation and pass to 
the right abutment; those below have the 
— sign and pass to the left abutment. 

In the vertical equation 


wm w 
7-7 “Ere 


w represents the partial uniform load 


|}upon a girder and is consequently a 
| variable. 
| the amount of the full load whose weight 


It is necessary often, to have 


per foot is the same. 
Let w’ = full load, 
Then w of the above equation = w-y) 
And 2m =I-y, 
Whence 
wm 


w'(l—y)?_ w 
i i y= O12 


—= (u-y). (20) 





which is the equation of the vertical force 


‘at any point uw under a uniform partial 
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load reaching to y where w’ is the weight 
of a full load of the same density. 

The greatest vertical strain at any point 
is when the girder is loaded from the 
abutment beyond the centre to that 

oint. 

For, let the load extend from the left 
abutment beyond the centre to a point 
distant u from the right abutment. 

Then at the end of the load where u = 
y, eq. (20) becomes 


(21) 


when 
(22) 


But at the same point under a full load 
(w’) eq. (14). 


Or, between the centre and the abut- 
ment, when the longer segment is loaded, 
the vertical strain is greater by the value 

w' u® 


of -,; than it is at the same point under 


a full load of equal weight per foot. 

For example, under a full load the 
vertical strain at the centre is zero for 
w=. 

But when the girder is loaded to the 

1 , 

centre u = 7, and V = - or the vertical 
strain is one-eighth of a full load. 

The equation of the horizontal strain 
under a partial load, where 

w' = the weight of a full load of equal 
density. 

y == the unloaded part. 

x“ = any point under the load, is 

w’ (x--y)® 
~ 


w (l—y\*a 


=e 


(23) 


which reduces to the form, 
we wat w'y* 1 w 
td edt at ~T™* ~— ay 
Under a full load the strain at the same 
point is 


H= 


_we w' x? 
~ 2d 2dl’ 
or greater than the value of H in eq. 
(24). 

Therefore the horizontal strain is great- 
est under a full load. 

Eq. (21), 


H 


__ wv’ (l—u)? 
ae * 





is the equation of a parabola, whose ver- 
tex is at the abutment and whose diame- 
ter is vertical. 

Case 5.—A girder supported at both 
ends and bearing two loads, one a con- 
stant load extending over its whole length; 
the other a partial load extending from 
one abutment to a point distant u from 
the other abutment. 

Let w =the weight of the constant load. 

w’ = the weight of a full load whose weight 
per toot in length is equal to that of 
the partial load. 

u==the distance between the end of the 
partial load and the abutment. 

V = the vertical strain at any point from 


w. 
V’ =the vertical strain at the end of the 
partial load. 
land d = the Jength and depth of the gir- 
der. We use V’ because it is the 
greatest vertical strain a partial load 
can cause. 


From eqs. (14) and (21) 
w wu i Bg 
v=5-7> and V = 7p (-¥)?, 


Adding 
wD wu 


, —_ w’ (l—u)? 
se ae 


(25) 
And we obtain an equation of the ut- 
most value, which determines the amount 
of vertical force at any point in a bridge, 
resulting from the weight of the bridge 
itself and the weight of the passing load. 
Considering uw as measured from the 
right abutment, it is evident from eq. 
(25) that at the centre, vtva"") 
for the vertical strain from the bridge itself 
at that point is 0, and the centre has there- 
fore the same amount of the partial load 
to carry as is borne by the right abut- 
ment. As we move the load to the right of 
the centre, the vertical force from the 
bridge increases with the distance and 
the vertical force from the load increases 
as the ordinates of a parabola. But to 
the left of the centre there is a differ- 


ent effect produced ; _— then becomes 


greater than _ showing a weight going 


to the left abutment, while —r (I—u)? has 


the + sign and passes to the right abut- 
ment. 

One of these forces neutralizes 
amount in the other, as tension and 
compression cannot exist at the same 


its 
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time in the same member. And if the 
value of 
w w’ (l—u)? 


i - ” 


has the +- sign the vertical force at that 
point is borne bythe right abutment ; if 
the — sign, it is borne by the left abuat- 
ment. 

If, however, its value is zero, there is no 
vertical force at that point as there is 


wu 


e w wu 
none in ~;—~} at the centre. 


Consequently beginning at the left end 
of the bridge, we can move our load on 
until eq. (25) = 0; as this occurs before 
we reach the centre, we are then at a point 
where we must first countérbrace, or 
brace to carry the weight towards the cen- 
tre instead of towards the abutment, for 
then the equation begins to have the + 
sign. 

As this point is of very great importance 
we will determine it from eq. (25); as u 
is measured from the right abutment and 
the load enters at the left end of the 
bridge, / — u will be the distance from 
the left end to the point of counterbra- 
cing. 

Put eq. (25) 

w wu 
.- 


w’ (l—u)? 

220° 
Let w' = a w, eliminate w and we have 
1 wu 


al? -—2alu + au? 
: = 0 
“ t 


~ 


Multiply by 2/?, divide by a and trans- 
pose, whence 


ut —2u (1+ =) = —[? 
And 
: 1 1: 1\t , 7 
ut—au(t+ 2 + (4+ 5) =('+,) -8-5 
Whence 


u-l= 


12 


a 


§ Se 


~§ Jota 


(26) 


l 
a 





Er.—In a bridge whose weight is 
150,900 Ibs. and whose length is 200 ft., | 
and whose full load is 300,000 Ibs., at what 
distance from the end will counterbracing | 
become necessary under a passing load of 
equal density with the full load. 

w = 150,000 
w= 300,000 


Here 


a="=—2 | 
w 


Answer from eq. (26) 
I= ‘200, . 
/Y 1 _ 200 To. 
—4+ == —200 f/—.— 
Vv at a 2 Fi yty 
= 100-110/3 = 73.2 ft. 
from the abutment. 


al 
a 


DIAGRAM OF VERTICAL STRAINS (SEE FIG. 7). 


Let A B=the length of the girder, 
A Gand BF, each = + half the weight of 
the bridge. 
A Eand B D, each = -Y~ half the weight of 
the full load. 


The vertical lines between AB and F G 
represent the vertical strains from the 
weight of the bridge. 

The vertical lines between AB and D 
E represent the vertical strains from the 
weight of a full load. 

Therefore the vertical lines between F 
G and D E represent the vertical strains 
from the weight of the bridge and the full 
load. 

The weight of the bridge is a constant, 
but the load is not. 

Let the bridge be loaded from B to L 
then LE’ represents the portion of the 
load borne by the right abutment and B 
D’" the portion borne by the left abutment, 
and the vertical lines between G F, D’” 
E’” H represent the vertical strains re- 
sulting from the weight of the bridge and 
the partial load from B to L. Instead of 
the point of no vertical strain being at c, 
the centre, it is now moved to the left to 
where the line E’” H crosses the line GF. 
Counter braces would be needed from V 
to the centre. 

Moving the load forward to L’ the ver- 
tical lines between D” E” and F E” and 
between E” G and E” H, give the verti- 
cal strains, and E” is the point of no verti- 
cal strain. It is here where the weight to 
the right abutment from the partial load 
equals the vertical strain to the left abut- 
ment from the weight of the bridge, and 
is the nearest point to the left abutment 
where counterbracing is needed. This is 
the point found by eq. (26). 

B E’" E” E’ E is the parabola described 
by the vertical strains transmitted to the 
right abutment by the passing load and 
the equation of which is eq. (21). 

An inverted parabola with its apex at A 
will give the strains for the left segment 
of the bridge ; or the strains between E’ 
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E” Gare to be applied to both ends of the 
bridge. 

The following are assumed to be ad- 
mitted without further demonstration. 


The upper chord in a bridge of a single 
span is subject to compression only; the 
lower chord to tension only. 

The weights may, without error, be con- 


Fic. 7. 


D 
\ 


N 


\ 
\\ 
\ 
aN 
7 
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DIAGRAM OF VERTICAL STRAINS. 


sidered as concentrated at the ends of the | 


panels, each end supporting the weight 
resting on the adjacent half panels. 
Within a panel there is no change in 
the strain affecting any one member of 
the panel, and all strains are longitudinal. 
The load being considered as concen- 
trated in weights at the ends of panels, 
only those inclined and vertical members 
which are between the weights belong to 


, the same panel. 





Fia. 8. 
A B 














c D 

Let ABCD be a panel in a truss. If 
the weights are at A and B, the members 
of the panel are AB,CD,A D and DB; 
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if the weights are at C and D, the members 
are A B,C D,A CandA D. The panel 
belongs to that weight which it transfers 
toward the abutment. 

The inclined and vertical members in a 
panel are subject to the same vertical 
strain. If the weights are at A and B in 
Fig. 9, the vertical strain, or the vertical 
component of the strain in A D is equal 
to the vertical strain in B D. 

The chords receive no vertical strain 
whatever, and cannot convey a vertical 
strain from one point to another. 

When the upper end of an inclined 
brace is nearer the centre of a fully load- 
ed bridge or the point of no vertical strain 
in a partially loaded bridge, than the lower 
end, it suffers compression and is a strut ; 
when the converse is true it suffers ten- 
sion and becomes a tie. 

The braces between the points of no 
vertical strain and the centre are counter- 
braces. 

As there are some eccentric cases where 
the above definitions are not wholly true, 
a more general one would be: All braces 
which transmit strains from the upper to 
the lower chord are struts, those trans- 


mitting strains in the opposite direction 
are ties. 
In the following examples application 


Fic. 





is made of the formule and methods 
given above. The first example is from 
Col. Merrill’s “Iron Truss Bridges for 
Railroads,” page 68, Plate V., and is 
termed by him the Jones Truss, more 
generally known as the Howe truss. The 
second example is from the same work, 
page 103, Plate IX., and is termed the Lin- 
ville Truss, but which originated with Mr. 
Whipple. 

The third is from Mr. Stoney’s splendid 
work on “The Theory of Strains,” Vol. L, 
page 98, and which is called a Warren 
Girder. 

A comparison of the different methods 
of calculating will show so far as the ver- 
tical strains or strains containing vertical 
components are concerned a very great 
difference between the results obtained 
by Col. Merrill and those obtained below, 
and a small difference in the example 
taken from Mr. Stoney’s work. 

The horizontal strains are identical in 
the last case and would be in the first 
two had Col. Merrill made his calculations 
for a uniform load. 


APPLICATION OF THE PRECEDING FORMULZE. 


_ Example 1st. 
The inclined braces are struts; the verti- 
cal, ties. 


9. 


















































HOWE TRUSS. 


Let 1 = 200 feet, the length of the bridge. 

d = 18.75 teet, the depth of the truss. 

w = 150,000 lbs., the weight of the bridge. 

w’ = 300,000 Ibs,, the weight of a full uni- 
form load. 

@ = distance of the end of a panel from one 
abutment. 

u = distance of the centre of a panel from 
one abutment. 

The length of a panel is 12.5 feet. 


To ascertain the horizontal strains in 


} and 
| which sustain the whole compression are 


Putting « = 12.5, the distance of the 
ends of the first panels from the abut- 


| ments, 


H = 150,000—9375 = 140,625 Ibs. 


the amount of horizontal compression at 


B and Q, and of horizontal tension at 6 
q. At Band Q the single members 


BC and P Q; at) and gq the single mem- 


this truss which are greatest under a full pers which sustain the whole tension are 
load, we have eq. (14). (w being equal qhand gr. The tension inbc and pq 


to w-+-w’ ). 
H= 


Whence 
ve 450,000 x 


(w + w’) x? 
2dl 


(w + w’)& 
2d 





. 2 
H 450,000 x _-- 12000 2-602, 


~~ 2X18.75 ~ 218.75 x 200 pg 


‘less the compression in ¢b and P q is 
equal to that ina b and qr. 


In the same manner 
When x = 25 ft., H = 300,000 —37,500 —262,500 


bs. 
Compression in C D and OP, tension in b cand 
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When x = 37.5 ft., H = 450,000 — 84,375 = 365,- 
625 lbs. 
Compression in DE and N O, tension in cd and 


Op. 
. When « = 50 ft., H=600,000—150,000—=450, 600 

8. 

Compression in EF and MN, tension in de 
and n o. 

When x = 62.5 ft., H = 750,000—234,375 = 
515,625 lbs. 

Compression in F G and L M, tension in e f and 
m Nn. 

When « = 75 ft., H = 900,000—337,500 = 562,- 
500 Ibs. 

Compression in G H and K L, tension in g h and 
Im. 

When «x = 87.5 ft., H = 1,050,000— 459,375 = 
690,625 lbs. 

Compression in HI and I K, tension in h i and 

l 


When x = 100 ft., H = 1,200,000—600,000 = 
600,000 Ibs, 

Tension in h iandik, 

The above are the greatest strains that 
can affect any section of either chord. It 
will be seen from the above that the strains 
are the same in the two chords on the 
same side of any one brace. 

To obtain the greatest vertical strains 
or the greatest strains having vertical 
components, we use eq. (25) giving the 
effect of the weight of the bridge and the 
passing load. 

w wu 
_——~ 4) oY 

Substituting the values of the con- 

stants, 


V = 75000—750 u + 3.75 (-u)®. 


Making u = 6.25, the distance of the 
centre of the first panel from the abut- 
ment. 

V = 75000 — 4687.5 +- 140,771.5 = 211,084 Ibs. 
for the vertical strain in @ B and Q 7, 
whose longitudinal strain of compression 
will be the vertical strain multiplied by 
the secant of the angle between the brace 
and the vertical ; this secant is 1.20185. 


211084 x 1.20185 = 253,691 Ibs, = 


wu , w' (I—u)? 


compression in a B and Q7r, and as the 
weight is on the lower chord, the ties B 
band Q q¢ belong to the first panels, and 
receive consequently the vertical strain of 
those panels, and are subject to a tension 
of 211,084 lbs. 


When u = 18.75, 1—u = 181.25, 
v= —- 14, 062. 5-123, 193.4 = 184,131 


Tension in C ¢c and P p. 
184 131 X 1.20185 = 221297.8 Ibs. 
Compression in C b and P q. 





When u = 31.25, l—u 168.75, 
V = 78,000 —23437.5 + '106787.1 = 158,350 
Ibs. 


Tension in D d and Oo. 
158,350 x 1.20185 = 190,312.9 Ibs. 
Compression in D c and O p- 
When u =13.75, 1—u = 156.25. 
= 75,000— 32812.5 + 91,552.7 = 133,740 
Ibs. 


Tension in Ee and N n. 
133,740 1.20185 = 150.735 Ibs. 
Compression in E d and N o. 
When u = 56.25, l—u = 143.7 
V = 75,000 — 42, 187.5 +- i 490.2 = 110,303 
lbs. 
Tension in F f and M m. 
110,303 x 1.20185 = 132567 Ibs. 
Compression in Fe and Mn. 
When u = 68.75, l—u = 131.75, 
V = 75,000 — 51,562.5 + 64, 599.6 = 88,037 
lbs. 
Tension in Gg and Li. 
88, 037 x 1.20185 = 105,807 Ibs. 
Compression in Gf and L m. 
When u = 81.25, 1—u = 118.75, 
V = 75,000 — 60,937.5 + 52,880.8 = 66,943 
lbs. 


Tension in H hand K k. 
66,943 X 1.20185 = 80,455 Ibs. 
Compression in H g and K l. 


When u = 93.75, l—u = 106.25, 
V= 75,000 —70,312.5+ 42,333. 9 = 47,022 Ibs. 
Tension in Ii. 
47,022 1.20185 = 56,513 lbs, 
Compression in lh and Ik. 


We have now obtained the greatest ten- 
sions in all the ties, and the compressions 
in the main struts. 


When u = 106.25, l—u = 93.75. 
V = 75,000 — 79,687.5 -+- 32,958.9 == 28, 272, 
and 28.272 x 1.20185 = 33,979 ibs. 
Compression in H i and Ki. 
When wu = 118.75, l—u = 81.25, 
V = 75,000 — 89,062.5 +- 24,755.9 = 10,694, 
and 10,694 1.20185 = 12,853 lbs. 
Compression in Ghand Lk, 


When u = 131.75, l—u = 81.25. 
V = 75,000 —98,437.5 + 17,724.6 — —5,713 
Ibs. 


A strain that does not pass to the abut- 
ment from which u is measured, as indi- 
cated by the sign of the result, and as u 
is greater than half the length of the 
bridge, no counterbrace is now needed to 
carry any strain towards the centre. 

Referring to eq. (26) and the example 
given, we find t iat counterbracing be- 
comes necessary at the distance of 73.2 
feet from the abutment, which comes 
within the weight borne by the points g 
and 1. 

Gh, Hi, K iand Lk, are all the coun- 
terbraces needed in this case. 
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Example 2d. 
This truss is merely a combination of 
two simple trusses, each bearing half the 


Fic. 


weight, one of which is represented in 
Fig. 11, and is divided into panels of 
uniform length. } 


10. 





\ 


J) 





























Sy 


4 





























THE WHIPPLE TRUSS. 


The other represented in Fig. 12 has all 
the panels of the same length as in Fig. 


Fic. 
o. * 


I 


11, except the end panels, which are of 
half the length. 


11, 



































e 6 


In this combination of two trusses, the 
horizontal strains of the two are united in 


Fia. 
a | 


a c 


Db Pp r 


the chords, but the members subject to 
vertical strains, or strains having vertical 
12. 

K 






































f h 
components of one truss, act indepen- 
dently of the corresponding members of 
the other truss. 

Let / = 200 ft., the length of the bridge. 

d = 26 ft., the depth of the truss. 

w= 150,000 Ibs. the weight of the bridge. 

w’ = 300,000 Ibs., the weight of a full uni- 
torm load. 

x = Distance of the end of a panel from one 
abutment. 

u = Distance of the centre of a panel of the 
simple truss from one abutment. 

p = 12.5 tt., the length of a panel. 

The simple truss of Fig. 11 can be de- 
termined by the application of the eqs. 
(11) and (15) with w equal to half of the 
weight of the bridge, and w’ half the 
weight of the full load. But the other 
truss, Fig. 12, has the half panel at the 
ends, and prevents the application of eq. 

. we wa? 
(11) in the general form of H = 37-3777’ 
for the reason that while—* is the mo- 


ment of the abutment, “ris not the weight 


k pi] ° q r 


@. F ' F 
on zx and QZ is not the distance of its 


centre of gravity. + (# —p (p bein 
& yy 71 P) | 8 
the length of the end panel) is the weight 


x nm . ° 
on x, and > + ft is the distance of its 


centre of gravity. Eq. (11) will therefore 
assume the form 


wer w 


aa~ ar © (G+ 4) 


for the horizontal strains in simple truss 
(Fig. 12). 

If x of eq. (27) be equal to M R in Fig. 
| (12), H will be the horizontal strain in M 
|O, DF, kf and f p. 

If x in eq. (11) be equal to L R in Fig. 
(11), H will be the horizontal strain in L 
N, EG, il and gi. These two strains 
added will give MN, EF, kl and gh in 
Fig. 10. 

Hence, the horizontal strain in the 
upper chord of Fig. (10) at any point is 
equal to the horizontal strain in that one 


H= (27) 
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of the simple trusses whose panel end is 
at the same point, added to the strain in 
that panel end of the other simple truss 
that comes next towards the centre; or H 
at x in Fig. 10 is equal to H at z in one of 
the simple trusses added to H at x-+-p in 
the other simple truss. And in the lower 
chord, H at z in Fig. 10 is equal to H at 
xz in one of the simple trusses added to 
H at «—p in the simple truss. 


In equation (27) making w= wt = 


get 
__ (w+ we (w+ ws ~_ of 
a ear 


Make «’ = « +- p, and 

(wot+w)e p(wt+ wy) (w+ w' ra? 
4d 16d ~=4db 

p(w+ wx 


2dl 
Adding this to 


— (w+ w')ax (w - w) a? 
_——_ a" 


we 


H= 


We obtain 


_ (w+ w')e 
s Site aan 


(w+ w’\a? 
2dl 
p(w+w') 
4d 
for the horizontal strain at any point in 
the upper chord of Fig. 10, and in the 
same manner with 2’ = x—p, we get 
(w-w')2 (wtw')x* p(iwtw')e 
— 8d ~~ edt 2dl 
p(w+w') 
a (29) 


p (w+ w'\e 
|, ov 
(28) 








for the horizontal strain in the lower 
chord at any point 2. 

Substituting the constants eq. (28) we 
obtain 


H = 8437.5 2—45 x® +- 56,250. 
When x = 12.5 
H = 105,468.75 —7,031.25 + 56,250 = 154,- 
687.5 lbs. 
Compression in Q R and A B, and tension 
ine and Op. 
When «= 
H = 310,997.5 — 28,125 +- 56,250 = 239,- 
062.5 lbs, 
Compression in R Qand BC, and tension in 
deand no. 
When « = 37.5. 
= 316, 406.25 — 63,281.25 + 56,250 = 
309,375 Ibs. 
Compression in O P and C D, and tension 
in ef and mn. 
When « =50. 
H= 421,875 —112,500-+-56,250—365,625 Ibs. 
Compression in N O and D E, and tension 
inf g and lm. 





When x = 62.5. 
H = 527,343 75 — 175,781.25 + 56,250 = 
407,812.5 lbs, 
Compression in M N andE F, and tension in 
ghandkl. 
When a = 75. 
H = 632,812.5 — 253,125 + 56250 = 435,- 
937.5 Ibs. 
Compression in L M and F G, and tension 
in hiandik. 
When « = 87.5. 
H = 738,281.25 — 344,531.25 + 56,250 = 
450,000 Ibs. 
Compression in G H and K L. 
When x = 100. 
H = 843,750 — 450,000 -++ 56,250 = 450,000 
Ibs. 
Compression in H I and I K. 


The tension in b ¢ and p q can he found 
from eq. (29), where 
H = 9562.5—45 a? — 


When # = 12.5. 
: H = 119531.25—7031.25 — 56,250 = 56,250 
bs. 


When « = 25. 
H = 239062.5 
Ibs. 
Tension in c d and o p, 


same as found in the upper chord on the 
same side of same inclined brace. 

As there is no connection between the 
members of the two simple trusses subject 
to vertical strains, in the compound truss, 
equation (25) will retain the same form. 


56, 230. 


— 28125 —56,250 = 154,687.5 


w and w’ necessarily becoming + and > 
each simple truss bearing half the weight 


of the full load and of the bridge. wu be- 
ing the distance to the centre of a panel 
of the simple trusses, becomes the distance 
to the end of a panel of a corapound truss, 
and since the truss in Fig. 12 has the 
centre of the end panel at the end of the 
truss, the first value of V is when u = 0. 
Substituting the values of the constants, 


we (l—u)? ve. 
T-a +a 37500—375 u + 


1.875 (l—u)?, 
When u = 0. 


V =37500 + 75000 = 112,500 Ibs, 
Compression in end posts Aaand Rr. 


and 112,500 x 1.20185 the secant of the angleQg R 
= 135208 ibs. tension in ties g Rand A b. 
When u = 12.5. 
V = 37500—4687.5 +32812.5 — 98731 lbs. 


Compression in end posts A a and Rr, 
which added to the amount obtained pre- 
viously makes the total amount of com- 
pression in these posts to be 211,231 lbs. 


98731 1.414 secant of ange R p r = 139626 lbs, 
Tension in p R and A 


w wer 


v= 
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When u = 25. 
V = 37500—9375 +- 57422 = 85,547. 
Compression in Q q and B b. 
85.547 & 1.414 = 120,963 lbs. 
Tension in 0 Q and B d. 
When u = 37.5. 
V =37500 — 14062 +-49512 = 72,949 Ibs. 
Compression in P p and C e. 
72,949 % 1.414 = 103,150 lbs. 
Tension in n P and Ce. 
When u =50. 
V = 37500-18750 + 42188 = 60938 Ibs. 
Compression in O 0 and 
60938 < 1.414 = 86,166 lbs. 
Tension in m O and Df. 
When u = 62.5. 
V = 37500 — 23438+-35449 — 49512 Ibs. 
Compression in N n and Ee. 
49512 « 1.414 = 70010 Ibs. 
Tension in | N andE g. 
When u = 75. 
V = 37,500=28125 +-29297 = 38672 Ibs. 
Compression in M m and Ff. 
38672 x 1.414 = 54,682 Ibs. 
Tension in k M and F h. 





When u = 87.5. 
V = 37500 —32812-4-23730 = 28418 lbs. 
Compression in L/and Gg. 
28418 x 1.414 = 40183 lbs. 
Tension in i Land Gi. 
When u = 100. 
V = 37500—37500-+-18750—18750 lbs. 
Compression in Kk and Hh. 
18750 1.414 = 26413 lbs. 
Tension in h K and Hk counterbraces, 
When u = 112.5, 
V = 37500 —42187-++-14355 = 9668 lbs. 
Compression in / i. 
9668 x 1.414 = 13670 lbs. 
Tension in g I and I /, counterbraces. 
When u = 125. 
V = 37500—46875-+-10547=1172 and 
1172 < 1.414 = 1657 lbs. 
Tension in f Hand K m, counterbraces, 


When u = 137.5 r has the minus sign, or 
the weight no longer passes to the abut- 
ment from which u is measured, and 
consequently no more counterbraces are 
necessary. 


Fic. 13. 





“bit bobble 





DAY 


Let Fig. 13 represent a Warren Girder the bra- 
cing of which is formed of eight right angled isos- 
celes triangles, with the roadway attached to the 
upper flange orchord. Let the permanent bridge | 
load equal half a ton per running foot and the 
greatest passing train of uniform density equal to | 
one ton per foot. 

w = 40 tons. 
w’ = 80 tons. 
i= BU feet. 
d = 5 feet. 

The length of a panel is the distance on the up- 
per chord between the apices of the triangles, which 
is 10 feet. 

«x = The distance of the apex of any triangle | 
from the abutment. 

u = The distance of the centre of a panel | 
from one abutment. 


Applying the horizontal equation (11) 
_ we wat 
~ 2d 2a0 
with x equal to the length of one panel, 
we get the horizontal strain at 6 in the 
upper chord, and the horizontal strain in 
ef of the lower chord ; but the strain at b 
is partly in bc and partly in bf and we 
have no single member at that point to 
sustain the whole horizontal strain. The 
equation, however, can be adapted to points 
at the centres of the panels. 





Let xz’ = distance of the centre of any 
panel from the abutment. 
h = half the length of a panel. 
| w a’ 


- —- will be the moment of the reaction of 


the abutment, and “ SC hX x’ will be the 


moment of the half panel load resting im- 
manny on the abutment. 

: “* «’—h) is the balance of the load upon 
, a’ and. 


*— is the distance of its centre of gravity. 


2 
Whence 
ads wa’ wx? wh? ) 
~ 9d -; 2zdl T vdl{’ 
An equation giving the strains in the 
upper chord of a Warren Girder, where 
x’ is the distance of the apices of the in- 
verted triangles on the lower chord, and 
h half the length of a panel, and w the 
weight of the full load and the bridge. 
Substituting the values of the con- 
stants, we get 
H =122-*"* 
20 
With «#’ = 5. 
H = 60—3.75—3.75 = 52.5 tons, 
Compression in a b and pr. 


(30) 
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When «’ = 15. 
H = 180—33.75 —3.75=142.5 tons, 
Compression in bc and np. 
When «’ = 25. 
H = 300—93.75 —3.75 = 202.5 tons. 
Compression in ¢ d and / n. 
When 2’ = 35. 
H = 420—183.75 —3.75 = 232.5 tons. 
Compression in d i and il. 


For the lower chord substitute the con- 


stants in 
_ (w+ we 
H=s 2d 


H=122- 


_ (othe, 
2dl 
32% 


2U 





Whence 
When « = 10. 
H = 150-15 = 105 tons. 
Tension in e fand o q. 
When « = 20. 
H = 240—60 = 180 tons, 
Tension inf g and mo. 
When «x = 30. 
H = 360—135 = 225 tons, 
Tension in g h andk m. 
When « = 40. 
H = 180 —240 = 240 tons. 
Tension in h k. 


Substituting the values of the constants 


in 
w’ (l—u)2 
—2F 


w wu 
nea eat B 


We get 
—y)?2 
Vv —20 a u (l uU) 


2 a 160 ’ 
When u = 5. 

V = 20 —2.5435.15 = 52.65 multiplied by 
1,414 secant of the angle of inclination of 
the brace — 74.4 tons. 

Compression in pq and b e, and ten- 
sion in a e and qr. 
When u = 15. 

V = 20—7.5 + 25.75 = 38,28, and x 1.414 

= 54.1 tons. 
Compression in no and c f, and ten- 
sion in bf and o p. 
When u = 25. 
V = 20—12.5+4 18.9 — 26.4 and x 1.414= 
37.3 tons. 
Compression in / m and d g, and ten- 
_ Bionin mnand cg. 
When u = 35. 
V = 20—19.5+4 12.65 = 15.15, and x 1.414 
= 21.4 tons. 
Compression in i k and ih, and ten- 
siou ink landdh. 
When u = 45. 
V = 20—22.5+-7.66 = 5.16 and x 1.414 = 
7.3 tons. 
Compression in dh and k l, and ten- 
sion in A iand ik. 
When u=55, V has the minus sign, and there is 
no further need of counterbracing. 


It will be observed that dh, hi, ik and 
kl are subject to both tension and com- 
pression under a moving load, and are 





consequently counterbraces. The other 
braces are subject to either tension or 
compression only and are main braces. 

Comparing this with the formula for the 
commencement of counterbracing, eq. 
(26.) 
Ji + _ 

a a a? 

i= a a=2 
We obtain 29.2 ft., or counterbracing 
becomes necessary at 29.2 ft. from the 
abutment, which is within the weight 
borne by the third apex. 

There is aslight difference between these 
results, and those obtained by Mr. Stoney, 
amounting in the strains to which the 
braces are subject to about +4, of a ton ; 
but the results as regards the horizontal 
strains and the counterbracing are iden- 
tical. 

The difference in the strains affecting 
the braces can be easily explained. 
Though Mr. Stoney considers the passing 
load equal to 1 ton per running foot, he 
makes 35 tons instead of 40 tons, a load 
covering half the girder. His partial 
load never extends from the abutment to 
the centre of a panel, but from a point 
half way between the abutment and the 
first apex. He begins by estimating the 
strains resulting from a weight on b, of 10 
tons, then adds the weight on ¢, ete. 
But this is an almost impossible case. If 
b be fully loaded, and the end of the train 
half way between b and c, the girder will 
certainly be loaded to a, and the right 
abutment will have its proportion of 15 
tons, instead of 10 tons, to bear. The dif- 
ference, however, is small, and is a con- 
stant, as can be seen from the equation. 
\ CoretLz, says the “ Pharmacist,” has 

« invented a cheap substitute for the 
platinum still used in distillation of sul- 
phuric acid. It consists of a stone tower, 
into which the acid drops in small quan- 
tities, while a current of hot air enters at 
the bottom and drives over the acid, which 
is condensed in the usual way. 


aw 








“Cosmos,” the vapor 


{— to 
which is frequently disengaged on the 
first application of heat to the oxide of 
copper in the combustion tube, used in 
organic analysis, arises from the presence 
of a small quantity of selenium. M. Vio- 
lette is credited with the discovery. 
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TWO-STORIED RAILWAY CARRIAGES. 


From “‘Engineering.”’ 


For more than 20 years past there have 
been extensively used on some of the 
French railways carriages with seats on 
the roof, or “ voitures 4 impériale,” as they 
are usually called. According to a recent 
return the Western Railway of France 
possessed 526, the Eastern Railway, 236, 
and the Northern, 150 of these carriages, 
and the results obtained by their employ- 
ment appear to be in every way satisfac- 
tory, it being found that they ride easily, 
and that they are no more liable to derail- 
ment than ordinary single-storied vehicles. 
The “voitures 4 impériale” are princi- 
pally employed for the local traffic in the 
neighborhood of Paris, and in summer 
time, when the heat is great, it is no un- 
common thing for the roof seats to be 
completely filled, whilst those in the lower 
body are almost empty; yet, notwithstand- 
ing this apparently somewhat risky 
method of loading, and the liability to 
derailment which it might be supposed to 


induce while the trains were traversing 
curves, we believe that no accident has 
ever occurred which could be fairly at- 


tributed to this cause. In some degree 
this result is no doubt due to the fact that 
in the ordinary “voitures 4 impériale,” 
the upper seats and the roof or awning 





which covers them are made as light as 
possible, while at the sides the upper body 
is left open, no protection whatever from 
the weather being provided. At some 
seasons of the year this is a considerable 
defect, and it was with a view of remedy- 
ing it, and at the same time retaining the 
advantages of the “ voitures 4 impériale,” 
that M. J. B. Vidard, a few years ago, 
introduced the regular two-storied car- 
riages, such as are now in use on the East- 
ern Railway. 

In these carriages, of which we publish- 
ed engravings and a description about 3 


‘years ago (vide page 207 of our third 
| volume), the upper seats are contained in 


a regular “body” provided with side 
windows and end doors, while to prevent 
the centre of gravity from being raised 
too high, the frame is lowered so that the 
lower body is at a much less height above 
the rails than usual. By this means, and 
by keeping the heights of the compart- 
ment rather small—the lower body being 
but 5 ft. 5 in. high at the centre—the 
total height of the carriages is kept down 
to less than 13 ft. 8 in., while the centre of 
gravity is not greatly higher than that of 
ordinary vehicles, as the following Table 
lately prepared by M. Vidard, will show. 








Height of the Centre of 
Gravity of each Part of the 
Carriage. 


prece- 





Cass oF VEHICLES, 





Weight of each Part 
of the Carriage 


ity of the Weight 


given in the 


the Centre of Grav- 
ding Column, 


the preceding 

Weizht of each Part 
Preceding. 

Height above Rail of 


of Gravity of 
Part. 


Above tho Centre 
Above the Rail 





Ordinary 2d Class Carriage: 
Two pairs of wheels, axles, etc 
Frame 


** Voiture a Impériale :” 
Two pairs of wheels, axles, etc. 


Two-Storied Carriage: 
Two pairs of wheels, axles, etc 
Frame 
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It will be seen from this Table, that the 
heights above rail level, of the centres of 
gravity of the ordinary carriages, the 
“voitures & impériale,” and M. Vidard’s 
two-storied carriage, are respectively 4 ft. 
1} in., 4 ft. 1l in., and 4 ft. 63 in., these 
heights referring to the position of the 
centres of gravity with the carriages 
empty. When the vehicles are loaded, 
the low position of the seats in the Vidard 
carriages causes their certre of gravity 
under those circumstances to be still 
further below that of the “voitures a 
impériale.” 

The Table also shows thatif the Vidard 
carriage had the upper story removed, its 
centre of gravity would then be but 3 ft. 
43 in. above the rail level, or 93 in. below 
that of a carriage of ordinary construction, 
and this is a point which under some cir- 
cumstances might render it advisable to 
adopt the lowered frame used by M. Vi- 
dard even when the upper story was not 
required. In the case of cheaply con- 
structed branch lines, moreover, where it 
is desired to avoid the erection of plat- 
forms, the lowered frame enables ready 
access to be had to the compartments with 
but a single step. On such lines as those 
we have just mentioned, we believe that 
two-storied carriages constructed on M. 
Vidard’s plans could be very advantage- 
ously employed, as their dead weight is 
really very small in proportion to the load 
carried. Thus the Vidard carriages on 
the Eastern Railway of France carry from 
68 to 80 persons according to the class, 
those carriages accommodating 80 pas- 
sengers being entirely third class. In all 
cases 40 third class passengers are accom- 
modated in the upper body, and it will be 
seen, on reference to the Table, that this 
accommodation is obtained with an 
increase of weight of but 30 ewt., as com- 
pared with that of an ordinary second 
class carriage. The total weight of one 
of these two-storied carriages fully loaded 
is about 13 tons, or about 3} tons per 
wheel, and this is a load which is by no 
means excessive, even for a “light” rail- 
way. In this country, where we have of 
late years become accustomed to lofty 
and roomy carriages, we do not believe 
that the somewhat cramped proportions 
of the Vidard carriages would be tolerated 
on our principal lines, even for short 
distance traffic. In the case of country 
branch lines, however, or in the case of 





the economically constructed light rail- 
ways, which are likely, before many years 
are over, to spring up in numerous dis- 
tricts, the case is different, and we believe 
that those interested in the construction 
and working of such lines might turn their 
attention to two-storied carriages with 
advantage. 





Pouzztina Posstsiriry.— When the 

Russian-American Telegraph is com- 
pleted, the following feat will be possible : 
A telegram from Alaska for New York, 
leaving Sitka, say at 6.40 Monday morn- 
ing, would be received at Nickolaef, Sibe- 
ria, at 6 minutes past 1 on Tuesday 
morning; at St. Petersburg, Russia, at 
3 minutes past 6 Monday evening; at 
London at 22 minutes past 4 Monday 
afternoon ; and at New York at 46 min- 
utes past 11 Monday forenoon. Thus, 
allowing 20 minutes for each re-trans- 
mission, a message may start on the 
morning of one day, to be received and 
transmitted the next day, again received 
and sent on the afternoon of the day it 
starts, and finally reach its destination on 
the forenoon of the first day. The whole 
taking place in one hour’s time. 





altways are all the vogue in Chili and 
Peru. The Concepcion and Chilian 
line progresses rapidly. A road is pro- 
jected across the Andes. On the Ist of 
February last a railway from Callao to 
Oroya was commenced, the latter point 
being connected by navigable rivers with 
the Atlantic Ocean. Another new line is 
being made in Peru to run from Arequipa 
to Puno, and thus connect the Pacific with 
Lake Titicaca. The Oroya line will be 
222 miles long, with 27 tunnels and 17 
bridges ; the cost is put down at 274 mil- 
lion dollars, the Government giving 6 per 
cent. interest and 2 per cent. amortisation. 
The Arequipa line will be 137 miles long, 
with 12 great tunnels, and costing 32 
million dollars. 





ENNSYLVANIA has produced 28,000,000 

barrels of petroleum in 10 years ; and 
a larger quantity has been brought from 
the bowels of the earth, during the last 
year, than was brought forward in the 
height of the “ oil fever.” 
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DOUBLE STEAM BOILERS. 


From “ Engineering.”’ 


M. C. Felix, of Paris, has recently com- 
municated to the “ Bulletin Mensuel de 
la Société des Anciens Elevés des Ecoles 
Imperiales d’Arts et Metiers,” a proposal 
for a system of double steam boilers, 
which, though not absolutely novel, nor 
yet perhaps capable of very general appli- 
cation, is yet well worthy of some notice in 
our pages. The system advocate’ by M. 
Felix is a very simple one, and consists 
merely in adding to an ordinary boiler a se- 
cond boiler so arranged that it is heated by 
the steam in the first. Thus, in one case, it 
is proposed to provide the first boiler 
with a dome of unusual size, this dome 
being divided horizontally by a plate, 
from which tubes depend into the steam 
space of the boiler. The upper part of 


the dome above the division plate forms, 
in this case, the boiler from which the 
steam is drawn for the supply of the 
engine. 

The first boiler is heated by a fire in 
the usual way, but inasmuch as all the 
steam formed in it is condensed by contact 


with the tubes of the second boiler, the 
contained water is evaporated over and 
over again, and the only fresh supply 
needed is that required to make up losses 
by leakage. It is claimed as one of the 
advantages of the system, that inasmuch 
as there is no renewal of the water in the 
first boiler (except the slow renewal ren- 
dered necessary by leakage) there can be 
no formation of incrustation on the sur- 
faces exposed to the fire; while, on the 
other hand, in the second boiler—where of 
course incrustation will form as usual— 
none of the surfaces incrusted are ex- 
posed to a higher temperature than that 
of the steam in the first boiler. These 
are, of course, undoubted advantages, but 
whether they are of such great value as to 
outweigh the extra cost of a boiler con- 
structed on the “ double” system is another 
matter; in some instances we believe 
they may have this value, but certainly not 
in the majority of cases. 

It is, of course, necessary in order that 
the heat may be freely communicated 


' 





from the first to the second boiler, that 
the former should be worked at a higher | 
pressure than the latter. M. Felix pro-!| 
poses a difference of pressure of two atmos- | 


Vou. Ill.—No. 2.—14 


pheres, or about 30 Ibs. per square inch, 
and of course the higher the difference of 
pressure, and the greater therefore the 
difference between the temperature of 
the steam in the two boilers, the less will 
be the area of heat-absorbing surface 
which it will be necessary that the second 
boiler should have in order to svpply a 
given quantity of steam. M. Felix as- 
sumes as the basis of his calculations con- 
cerning the requisite area of what we may 
term the intermediate heating surface, 
that one square metre of such surface will 
evaporate 8 kilogammes of water per hour 
for each degree (centigrade) of difference 
of temperature between the steam and 
water. Reduced to English dimensions, 
this is equal to an evaporation of about 
0.9 Ibs. of water per sq. ft. of steam-heated 
surface per degree (Fahr.) of difference 
of temperature between the steam and 
water. No doubt, results as high as this 
have been obtained in certain cases where 
there has been a rapid circulation of wa- 
ter over the steam-heated surfaces ; but 
these are exceptionable instances, and in 
ordinary practice—taking into considera- 
tion that the surfaces are liable to become 
coated with incrustation—it would not 
be safe to depend upon arate of heat 
transmission more than one-third as great 
as that above mentioned, or say, a trans- 
mission equal to the evaporation of 0.3 lb. 
of water per square foot of surface per 
hour per degree of difference of tempera- 
ture. 

With steam at a pressure of 90 lbs. per 
square inch in the first, and 60 lbs. per 
square inch in the second boiler, there 
would be an available difference of tempe- 
rature of about 24 deg., and according to 
the data just given the evaporation in the 
second boiler would thus be equal to 
24 0.37.2 lbs. per square foot of ‘“in- 
termediate” heating surface per hour. In 
other words, about 8.7 square feet of “in- 
termediate” heating surface would be re- 
quired for each cubic foot of water to be 
evaporated per hour in the second boiler 
—an area which would probably render 
the cost of the double boiler nearly, or 
quite, equal to that of two boilers of 
equal power constructed on the ordinary 
system. 
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IRON AND STEEL NOTES, 
HE Inon TraDE IN France.—The markets of the 
Haute Vienne are in good condition, business 
satisfactory and impressions favorable ; quotations 
all firm, and in some instances on the rise. Char- 
coal iron very scarce, and not to be had under 
125f. Wrought iron in good demand as regards 
machine iron and its derivations at the following 
rates :—Coke iron, rolled, 200 f. to 225f. ; mixed 
ditto, first quality, 22Uf. to 225 f. ; charcoal, ditto, 
first quality, 235 f. to 240 f. ; ditto, second quality, 
225f. to 235 f. The works that produce rod an 
machine iron have orders in hand for several 
months ahead. Good qualities of mixed iron for 
drawing. worth 235f. to 240f. Machine iron for 
chain work about the same. Hammered iron 
stands at 245f. to 250f. for bar, and at 250f. to 
255 f. foraxles. Iron wire and nails are in demand 
and on the rise, The drought has caused a falling 
off in the make, but the late fall of rain will have 
corrected this. The entries of special cast and 
wrought iron in Paris for building purposes con- 
tinue to fall off, as compared with the amounts of 
former years, as will be seen by the following re- 
turns for three years :—Wrought iron, month of 
March, 1870, 2352 tons; 1869, 3652 tons; 1868, 
4305 tons; cast iron, 1870, 759 tons ; 1869, 1318 
tons ; 1868, 1321 tons. Wrought iron, first quar- 
ter of the year, 1870, 4999 tons ; 1869, 10,10) tons ; 
1868, 1370 tons ; cast iron, 1870, 2396 tons ; 1869, 
3964 tons ; 1868, 3359 tons. The inquiry respect- 
ing the textile industries is expected to be com- 
pleted during the next fortnight, when that relating 
to the metal trades will be taken in hand.—The 
Engineer. 


N7 infrequently does an iron ore from a partic- 
4X ular bank or locality acquire from the furnace- 
master a reputation for cold or red-short tenden- 
cies which does not justly belong to it, from the 
fact of the presence of notable amounts of sulphur 
and phosphorus in the flux used with it. As the 
analysis of limestones are most generally conducted, 
the presence of thes elements is either overlooked 
or their quantities are not estimated. We believe 
that if this point were properly and fairly appreci- 
ated, many variations in a furnace’s product would 
be understood, and a proper corrective applied. 
Some time since, with this special object in view, 
we examined into some limestones employed at 
different furnaces, and in all our samples found 
both sulphur and phosphorus, the former probably 
existing as sulphuret of iron or sulphate of lime, 
and the latter as phosphate of the same base. 
The following result, centesimally expressed, will 
illustrate to what amount these substances may 
exist and yet be overlooked unless special research 
be made for them :— 

Carbonate of lime 86,23, carbonate of magnesia 
2.82, phosphate of lime 0.87, sulphate of lime 0.28, 
alumina and oxide of iron 1.01, matter insoluble 
in acids 8.25, organic matter 0.28, = 99.74. 

The amount of phosphate of lime corresponds 
to 0.17 per cent. of phosphorus, or 3.4 Ibs to every 
ton ; that of the sulphate to 0.06 per cent. of sul- 
phur, or 1.2 lb. to the ton. The specimen was of 
a brecciated structure, and was from a Pennsyl- 
vanian locality. When the circumstances under 
which limestones are formed are properly consid- 
ered, it must be evident that these, as well as 


other foreign matters, must necessarily be present | 


in greater or less amounts. Most of them, when 


| properly examined, will exhibit also noteworthy 

amounts of the alkalies, probably existing in the 
— of chlorides.—American Exchange and 
Review. 


| 


HE Manvracture or Anturacite Pic Inon.— 
During the year 1869 the production of anthra- 
| cite pig iron in the United States amounted to 
| 971,150 tons of 2,000 lbs., as fellows : 
Tons, 

| Massachusetts ; - 4,200 
| New York..... ppeeeeanewtaee ms pehunens - 210,855 
| New Jersey...... Sass 6 ORE Risener eneavnes 54, 
| Pennsylvania 
| Maryland 


- 971,150 


The following statement shows the progress of 
this branch of manufacture since 1860 : 


Production, 
in tous of 2,000 Ibs. 


— Bulletin of Am. Lron and Steel Association. 


le following are the average prices, during the 
last ten years, forrails of best quality, in France, 
all accessory pieces supplied with them : 


U. 8. 
Equivalent, gold, 
$ cts, 


Per ton Pc ton 
Fr. . 4 

D....s00 30 91 

Bl 26 

29 04 

28 80 

31 12 

31 32 

31 18 

. 30 33 

28 92 

30 60 

Present price. 180 00 0...... 34 85 
—Bulletin of Am. Iron ana Steel Association. 


-_ 


MARARRAMRAH th 
SaMowSown w 


re AND Sreet.—-The invention of Mr. J. Player, 
Philadelphia, U. S. A., consists in first dividing 
the cast-iron in the condition in which it is left by 
the smelting operation into small pieces, flakes, 
grains, or powder, by mechanical means, and then 
mixing it in a solid state, andin this minutely 
divided condition, with the oxides or other ingredi- 

ents or agents designed to improve or purify it, or 
to aid in its conversion into steel or pl ers iron, 
while such oxides or ingredients, or agents, ae 
also in a solid state, and afterwards subjecting it 
to the puddling process or other manipulation in- 
tended to free it from its excess of carbon and from 
its impurities, so that in such manipulation the 
requisite mixture of the iron and purifying agents 
may be secured in the highest practicable degree. 
—Mining Journal. 





7 following is a statement of the export of rails 
from Great Britain during the month ended 
April 30, and the four months ended April 30, 
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1870, and the corrosponding periods of the years 
1868 and 1869; also, the quantity of pig iron ex- 
ported to the United States during the same | 


| -— For A Cop TinninG Process. —M. Daubie, 
| iron-master, Blanc Murger Works, at Belle- 
fontaine, in the Vosges, obtained in November 
last a patent for tinning by acold process, in order 


— compiled from official returns published | 


y authority of the House of Commons : 








COUNTRIES. 


Montu ENDED Apri 30. 


| 1800. 
Tous. 


1870, 
Tons. 


1868, 
Tons." | 
| 





AMERICA, 


United States ......... | 


Evropr. 
I snide saiep dyin 
Sweden 
Prussia ... 


Illyria, Croatia, ‘and. : 


Dalmatia 


Spain and Canaries. .... 


SIA. 
British India 
Australia 
AFRICA. 
Exsypt 
Orner CounTRIES, 


7 Total 








COUNTRIES. 


87,592 | 41,457 
6,015 
1,219 

319 
405 


35,970 
4,416 | 
572 a 
731 | 
11 escin't 

6 | 
23,705 | 23,093 
3,225 
91 


2,261 
171 ones 
2,223 | 5,379 
174 | 
3 
2,538 | 
2,209 | 
7,299 
1,663 | 


2,133 
1,330 
1,056 
3,050 


2,672 

11 
3,630 
1,249 


8,978 
789 | 


17,894 
1,008 
210 
8,913 


72 


97 345 | 
3,944 | 


7,109 





65,968 | 95,378 | 108,474 


9,475 | 19,149 7,416 


Four MonTHs ENDED 
APRIL 3). 


1868. 


Tous. 


1869. 
Tous, | 


1870. 
Tons, 





AMERICA. 
United States..... .... 


SN nk) stenin caoweare 
5a 


Spain and Canaries .... 
Asta, 

British India 

Australia 
AFrICA 

Exypt 
OrHerR Counruies. 


129,996 | 131,831 
9,187 | 9,748 
357 | 1,807 
603 | 2.164 
1857 | 6388 
8,283 


9,430 | 
27,692 
12,793 


98,993 
5,802 
1,222 | 
2,017 

304 
105 
2,485 
182 
2,223 


33,145 
3,225 
1,389 | 


12,432 
2,559 | 
8,691 


4,269 | 
| 
4,917 | 


5 
12,401 | 
3074 | 
39,877 | 20,613 | 
3,837 | 7,954 | 


11,772 2,425 
11,520 | 17,659 | 


15,200 
163 


8,103 
8,207 


82,522 
4,947 





261,439 





| 48,013 | 31,681 





* Tons in all cases 2,00v Ibs. 


to prevent oxidation of iron in general, and 
| especially of iron wire, employed in the fabrication 
of cards and wire cloth, without altering its polish 
or rigidity. An addition to the patent was made 
on the 30th December. ‘The inventor's chief 
object is to prevent the softening of the metal, and 
| the mode adopted is successive immersion in baths 
containing cold solutions of salts of tin, with the 
addition of a certain amount of organic matter, 
such as fecula or starch, which has always been 
| found valuable both in tinning and galvanization. 
|The solution patented is composed as follows :— 
| 'o every twenty gallons of water add 6 lbs. of rye 
| flour, and let it boil for about half an hour ; filter 
| it, and afterwards add 1121bs. of pyrophosphate of 
| soda, 34 Ibs. of crystallized salt of tin, 134 lbs. of 
neutral protochloride of tin, and from 3 oz. to 4 
oz. of sulphuric acid. When the salts are dis- 
solved the solution is distributed in eight or ten 
wooden vats, a little additional water being added 
| to the first two or three of the vats. ‘The wire is 
passed successively through the whole of the vats, 
and if great brilliancy of surface is required, also 
through draw plates at intervals, and the wire, 
while retaining all its rigidity, becomes covered 
with a brilliantly-polished coat of tin. Beautiful 
| and inoxidizable cards and wire cloth have been 
| produced by this process, which is applicable to 
wire for a hundred different purposes. M. Daubie, 
| we are told, has also succeeded in silvering iron 
| wire, by using, in place of the salts of tin in the 
| solution, cyanide of silver and cyanide of potas- 
| sium.—-The Engineer. 





| Tron anp Sreext.—The invention of Mr. Charles 
| W. Siemens, of Great George street, consists of 
| an improved mode of introducing the reduced ore 
| into the open hearth of the melting furnace with- 
| out, on the one hand, exposing the reduced ore to 

the oxidizing action of the flame, and, on the other 
hand, without exposing the reducing hoppers, re- 
torts, or muffles to the extreme heat of the smelt- 
| ing furnace. For this purpose the inventor does 
|not discharge the reduced ore directly into the 
| melting furnace, as heretofore, but into a chamber 
or chambers arranged at the back or along the sides 
of the same, in which chamber or chambers a re- 
| ducing atmosphere is maintained by an influx of 
| reduction gases, although there exists an open 
| communication between the chamber and the fur- 
nace. The bottom surface of the chamber inclines 
towards the hearth of the melting furnace upon 
which the metallic bath is prepared, in order to 
| facilitate the introduction of the reduced ore into 
| the bath, when required, by means of rabbles intro- 
| duced through a door or doors opposite the melt- 
ing chamber. From this reduced ore chamber or 
chambers vertical or inclined hoppers or retorts 
rise upwards, into which the raw or calcined ore, 
together with the reducing and fluxing materials, 
are charged from above, by preference in a heated 
condition, and around these hoppers or retorts 
channelsare provided, through which flame is made 


to circulate.—Mining Journal. 

A REMARKABLE instance of the crystallization of 
metallic iron was noticed recently during an 

examination by Mr. Crookes of the Heaton or 

nitrate of soda process for the production of refined 
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iron. After the subsidence of the violent action | 
which eusues when the nitrate of soda is in contact 
with the molten metal, the converter, or lower 
portion of the apparatus, is detached, and after a 
few minutes, the contents are turned out upon the 
floor in the form of a porous mass, weighing nearly 
three-fourths of a ton. A careful inspection of this | 
mass of somewhat refined iron showed it to consist | 
of minute cubical crystals, segregating or arrang- | 
ing themselves in feather-like groups. The crystals 
are said to be sharp and well-defined, and to pre- 
sent an exceedingly beautiful appearance. ‘Such 
phenomena are by no means uncommon on the 
gradual cooling of masses of other metals, but the | 


instances in which they have been noticed with | 
regard to iron are very rare. Duringa recent visit 
to the smelting works of a mine in Wythe county, 
Virginia, we were able to procure exceedingly well- | 
defined and quite large cubes of metallic lead, 
while the production of crystals of bismuth and | 
some other metals, by a method of slow cooling, | 
is described in most works un chemistry.—Ameri- | 
can Exchange and Review. | 


= AND Sterni.—By the invention of Messrs. P. 
R. Hodge, Adam street, Adelphi, C. Hengst, 
Fulham road, and N. Wilson, Holborn, they pre- | 
ter to use, and claim as new, a flux composed of 
calcined borax (say), 1 0z., combined with essen- 
tial oil of rosemary, or any of the essential oils, 
mixed with iron filings or iron powder, made very 
fine and mixed uniformly with the calcined borax | 
and essential oil. This compound is put on the 
surface of the materials to be combined together, 
after being heated to about 240 deg. to 260 deg. 
Fahr., and then heated up in a close muffle or 
— fire, or a close heating turnace to a red 
heat. 





See pen oF Cast Iron.—‘‘ Transforma- 

tion of cast iron, wrought iron, and steel by | 
means of the vapors of alkaline metals.” Such is | 
the title of a patent taken in France by MM. Charles 
Girard and Jules Poulain (date 17th August, 1869. | 
No. 86,784), the particulars of which we extract | 
from our excellent contemporary, the ‘* Moniteur 
Scientifique ":— 

**In order to cause the vapors of sodium‘ and 
potassium to act on cast iron in fusion, we heat 
one of the former metals in an iron retort to 392 
deg, or 482 deg. under a pressure of five or six 
atmospheres. When this heat is reached we direct 
the vapor thus obtained into the heart of the iron 
in fasion; the mass swells, and an alloy of the 
iron is the result. These alloys, although very 
hard, are malleable, and may be forged and welded. 
They oxidize rapidly in air or water, and are easily 
decomposed if a current of air, steam, or carbonic 
oxide, is injected into them when in fusion. By 
these compound effects of the vapor of sodium 
and of air, for example, the whole of the metal- 
loids in the iron are attacked, and the final result 
is pure wrought iron that can be hammered and 
welded with ease. Under certain circumstances 
the metal resulting from the operation may pre- 
sent the properties of steel. Finally, to facilitate 
the production of the metallic vapors, carburets 
rich in hydrogen may be added to the sodium or 
potassium in the retort. 

“In place of sodium or potassium an alloy of 
the two may be used, as, for instance, one com- 





posed of 4 parts of potassinm (melting at 122 deg.) 
and 2.5 parts of sodium (melting at 194 deg.). 


This mixture, which has the appearance and con- 
sistency of mercury, has its poiut of solidification 
at 47.4 deg., and is consequently liquid at ordinary 
temperatures. It is prepared under naphtha. 

“It has been remarked that, besides the direct 
transformation of cast into wrought iron or steel, 
by means of the metals, their action produces 
other advantages ; they allow of the employment 
of cast iron, which, although containing man- 
ganese, are reputed as bad, and cannot be con- 
verted by the Bessemer process, on account of the 
quantity of carbon, sulphur, or phosphorus which 
they contain. It is, in fact, now proved that the 
Bessemer process, far from eliminating the sulphur 


| and phosphorus, tends rather to augment the pro- 


portion of these metalloids. 

‘“The cast irons known as chaudes, and which 
contain silicium and magnesium, owe a part of 
their superiority to the calorific power of the 
silicium (7,800), the produce of the oxidation of 
which, silica, requires but little heat to disengage 
it, so that the liquefaction becomes more complete. 
On the other hand, carbon, under the same con- 
ditions, gives rise to the disengagement of masses 


| of sparks produced by the gases, carbonic acid and 


carbonic oxide, which traverse the mass; these 
take from the molten matter a considerable quan- 
tity of caloric, and thus are unfavorable to lique- 
faction. 

‘*In our process this latter inconvenience is 
partly dispelled, for the gases produced by the 
combustion of the carbon, sulphur, and phos- 
phorus, combine with the soda or potash, and are 
mechanically carried through the mass of metal 
by the oxidation of the sodium or potassium. 

«The direct action of the sodium or potassium, 
in the form of vapor, on the melted iron may be 
replaced by adding to the mixture of ore, fuel, and 
flux, either chloride of sodium, carbonate of soda, 
a corresponding salt of potash, or a mixture of 
these. Acting thus on any given ore, and using 
coke or coal as fuel, a result analogous to that 
obtained with charcoal under the ordinary system 
is obtained. We must add, however, that in the 
former case the current of hot or cold air should 
be longer maintained than when charcoal is used ; 
this prolonged application of hot or cold air in the 
blast furnace ‘may present inconvenience, which 
may be avoided by directing the alloys of cast iron 
with sodium or potassium into a converter, in 
which they may undergo the final action of the 
current of air; with this process the working of 
the blast furnace is the same as in ordinary cases. 

‘We arrive practically at an assimilation of the 
coke or ‘oal with alkaline salts corresponding to 
those .urnished by wood charcoal, either by water- 
ing the fuel with the alkaline solutions above- 
mentioned, and then allowing it to dry in sheds by 
introducing the salts into the mass of molten iron, 
or, lastly, by pouring a concentrated solution of 
the various salts on the fuel or the ore at the mo- 
ment of charging the furnace. 

‘We intend to continue our experiments on the 
alloys and combinations of sodium and potassium 
with most of the other metals.” 


ae. instituted with a view to the de- 
phosphorization of the iron from the Kénig- 
shutte furnaces (Prussia), were made by the intro- 
duction of chloride of calcium into the blast 
furnace, on the theory that chloride of phosphorus 
might thereby be formed and volatilized. It was, 
however, found that the chlorine was liberated 
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from its combination at entirely too low a tem- 
perature to effect any change. ‘The results iu this 


country, where fluoride of calcium has Leen sub- | 


stituted for the chloride, have been much more 
encouraging, and a decrease in the amount of 
phosphorus has really been effected thereby, some 
of it probably passing off in the form of a fluoride. 
The Prussian iron above alluded to contains 0.497 
per cent. of phosphorus, and produces a highly 
cold-short and brittle Bessemer steel. Refining in 
a reverberatory furnace by means of jets of air 
forced down upon the surface of the iron was tried, 
but led to no favorable result. On puddling the 
iron and reconverting to cast-iron in a cupola, the 
percentage of phosphorus was reduced to 0,1. Bat 
this reconverted iron was found to be dearer than 
Cumberland iron delivered at the Bessemer steel 
works in Silesia, and so this process was abandoned 
of a necessity. It was also found that iron, when 
treated in this manner, loses silicon, thereby un- 
fitting it for conversion into Bessemer steel.— The 


American Exchange and Review. 
ae Ports.—Mr. G. Rose, of Birmingham, 
makes in the arch or roof of the fire-place or 
furnace in which the combustion of the fuel takes 
place, a series of nearly vertical flues. These flues 
are of a curved figure, and open at top into the 
annular flue or chamber in which the annealing 
pot is built or situated, and conduct the flame and 
products of combustion thereto. Horizontal flues 
are made in the brickwork of the annealing cham- 
ber or furnace, their inner ends opening into the 
curved or nearly vertical flues passing from the 
fireplace. The outer ends of the horizontal flues 


}and hydrogenium ?— American and 


Exchange 
| Review. , 
— Rais.—A point of some interest has arisen 
in connection with the use of steel rails on the 
| Great Central Belgian Railway. It is found that 
| steel rails which have been laid resist wear and 
| tear extremely well, but that they acquire such a 
| polish that the action of brakes and the adhesion 
of engines upon them are seriously interfered with. 
Experiments upon the subject are being made with 
a view to the collection of further facts.—The Eu- 
gineer. 


uppiinG Furnaces.—Mr. J. Halford, Kingswin- 
ford, constructs an oven, or combustion cham- 
ber, similar in its general form and size to the 
chamber of the ordinary fire-places; but he makes 
the bottom of the oven or chamber without fire- 
bars or other opening for the air, and upon the bor- 
| tom the fuel to be burnt is supported. The fuel is 
supplied to the oven or chamber by a hopper at the 
| top, or by an opening at or near the side of the 
|oven. The air for supporting the combustion of 
the fuel is introduced at an opening in front of 
the oven or chamber, this opening being at the 
lower part of the chamber. The fuel is always 
maintained at such a height as to cover the open- 
ing at which the air enters, The whole of the air 
entering the chamber is thus made to puss 
through the ignited fuel. 


RAILWAY NOTES. 





are open to the atmosphere, the amount of air 
passing through the said flues being regulated by | 
sliding dampers or perforated plates, or perforated 
slabs. The front of the fire-place is closed by a 
door perforated with a series of small a 


Mining Journal. 
A DISCOVERY Of extreme importance from a tech- | 
nical and commercial point of view, as well 

as of great interest to pure science, is that of the | 
recently announced electro-deposition of iron. 
The iron thus deposited is of great beauty, has a | 
beautiful lustre and a silky texture. No exact | 
experiments have as yet been made on its tensile 

strength or conductivity. Faithful copies of | 
examples of medieval art of extreme intricacy 
have already been produced by this means, the 
moulds used being of gutta-percha, or, in fact, of 
any material common)ly used by the electro-metal- 
lurgist for such purposes. The process has also 
been applied to the production of stereotypes and 
to a number of other purposes. The material 
used to furnish the iron is a dilute solution of the 
double sulphate of the protoxide with the sulphate 
of potassa, soda, or magnesia, and the apparatus, 
a battery of low power, usually two small Smee’s 
elements. ‘To Dr. Jacobi, one of the earliest 
workers in the now fully-cultivated field of electro- 
metallurgy, we are indebted for this discovery, 
and the learned experimentalist has already exhib- 
ited many beautiful specimens of his art, besides 
announcing some curious properties possessed by 
the iron, among which may be mentioned its 
power of occluding fully twenty times its volume 
of hydrogen gas. If we accept the very just and 
well-founded opinion of the late Prof. Graham, 
that hydrogen is in reality a gaseous metal. may 
not this new form of iron be but an alloy of iron 





HE Farrier Encixe.—A new series of experi- 
T ments designed to test the powers of the 
Fairlie Double Bogie Engine, were tried recently 
upon the first section of the 234 in gauge Festiniog 
Railway. An engine of the ordinary coustruction, 
but of very small proportions, was tried in compe- 
tition with the double bogie * Little Wonder.” 
This engine, the ‘* Welsh Pony,” made by Messrs. 
England & Co., had been put into the “stable,” 
and thoroughly overhauled and repaired in antici- 
pation of the trial. The first experiment was in- 
tended to show the comparative steadiness and 
smoothness of motion of the two kinds of engines. 
The visitors took successively short trips upon the 
engines. ‘The opinion, in so far as we could ascer- 
tain it, was uniformly and strongly expressed in 
favor of the ‘‘ Little Wonder.” ‘Lhe movement of 
the ‘‘ Pony” was, we speak from our own sensa- 
tions, a succession of hammerings upon the rails, 
whereas the two bogies enabled the * Little Won- 
der” to pass as steadily and smoothly round the 
sharpest curves as in the straightest runs. 

The next test was to show the comparative 
power of the two engines. The **Pony” was 
yoked to a train of seventy-seven trucks, filled 
with slates, and weighing in the gross 194 tons. 
Yhe load was hauled along the embankment at a 
moderate speed, and for a short distance up the 
rising gradient on the other side ; but at the com- 
mencement, or near it, of a gradient of 1 in 90 the 
‘*¢ Pony” was dead beat, and the train was backed 
to the starting point. The engine had nexta train 
of forty trucks attached, but it was found that these 
could not be taken up the incline, and nine trucks 
were taken-off. The ‘*Welsh Pony” was able to 
haul the thirtv-one loaded trucks satisfactorily. 
The “Little Wonder” then undertook the tect, 











214 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 





and was attached to the same seventy-seven loaded 
trucks. It whisked them along the embankment 
and up the inclines with scarcely a check in the 
speed. The superior merits of the Fairlie engine 
were on this point also fully admitted. The ‘* Lit- 
tle Wonder” then took up from Portmadoc to 
Festiniog a train of 125 trucks, seven passenger 
carriages, and a boat carriage. The train was 380 
yards long, and the weight hauled was 114 tons 14 
ewt. The distance, just under 14 miles, with a rise 
of 700 ft., was accomplished in 1 hour 173 minutes. 
Deducting the time of four stoppages, the net run- 
ning time was under the hour. In some places, 


between stations, the speed was over thirty miles | 


an hour. 
The series of experiments was perfectly success- 
ful as regards the merits of Mr. Fairlie’s engine, 


and we have no doubt that the inspection, and the | 
impressions received from it, will do much to en- | 


courage the adoption of narrow gauge lines and 
the Fairlie engine.—Railway News. 


A Ratzroap 1n Greece.—The United States 
J4 Consul at the Pirwus, Greece, is writing to 
the ‘‘College Courant” a series of letters about 
Athens. 
to the classical student, from the sharp contrast 


they present between the ancient and modern city, | 


is the description of a trip by rail from Athens to 
the harbor. The road is only six miles long, and, 
though nowise extraordinary, it is a source of 
never-ceasing wonder to the natives. When it was 
first opened, the Archbishop was present, and 
consecrated the locomotive and each car by 
sprinkling them with holy water. Still the aver- 


age Greek can not quite reconcile himself to it as | 


any thing in the ordinary course of nature, and 
when he takes passage he does not cease to cross 
himself until the motion has become familiar. 
Every day large crowds of countrymen flock to the 
depot, and gather on a bridge near by. to watch 
the train arrive and depart. Could some of their 
ancestors, who hewed the stone with which the 


Among the passages which sound oddly , 


| the Southern railway managers have got a little 
,ahead of their neighbors in constructing their 
| freight cars with the swing-beam truck, and refuse 
| to allow others of the old-fashioned type run over 
their roads. In the report of Mr. Fleming, the 
superintendent of the Mobile and Ohio Railway 
| this matter is thus referred to :— 
| ‘*As some objections have been raised by con- 
necting roads who wish to exchange freight cars, 
, as to the policy of this company, which refuses to 
| permit any but swinging beam cars to run on the 
road, the following extract is made from the annual 
| report of 1867: 
‘The truck is one of the peculiar characteristics 
| of American railways, and, with a few exceptions, 
is not used in other countries. Its invention was 
| the legitimate result of the imperfection of Ameri- 
can tracks, and it was designed to permit the 
wheels to adapt themselves to the sinuosities of the 
track, while the line of traction would conform to 
the general direction of the rails. The importance 
| of these principles is so well recognized that, 
without exception, all passenger cars are constructed 
| practically ‘‘centre bearing,” and the bodies sus- 
pended on the trucks, allowing them to vibrate 
freely, and the wheels to follow the irregularities 
of the track. 

‘**Although these principles are so well recognized 
/as indispensable to safety of passenger cars, they 
are not generally applied to freight cars, except 
upon Southern roads. Of the connecting roads 
who use the swinging-centre trucks, are the New 
Orleans, Jackson and Great Northern, the Missis- 
sippi Central, Vicksburg and Meridian, Selma and 
Meridian, Illinois Central, and Louisville and 
Nashville. The experience of this company 
during the war—when cars from almost every 
Southern road and of almost every pattern were 
used—justities the refusal to permit rigid trucks to 
be run on the road, even if the plainest principles 
of mechanics and common sense did not demon- 
strate the greater safety of the swinging-beam 
truck.” —American Raiiway Times. 


track is laid, revisit their work, or look down upon | 


it from the Acropolis, with what unutterable 
amazement would they contemplate the approach 
of a screaming locomotive, without even the poor 
protective of holy water! Accustomed as they 
were to the apparitions of gods, demigods, and 
monsters, this would be a spectacle for which even 
their mythology could furnish no parallel, and 
would dumbfound the wise as well as the ignorant. 
Think of Socrates soliloquizing over a steam en- 
gine, Diogenes, with his tub, dead-heading it to 
the Pireus, or haggling about a seven-cent ticket, 
or Euripides working up a railroad catastrophe 
into one of his polished tragedies, or the courtly 
Xenophon taking topographical notes for his 
** Anabasis”” from the window of a Pullman sleep- 
ing car! ‘These unsophisticated old Greeks, whom 
we imagine we understand fully, lived in an en- 
tirely different world, with which we can have but 
little sympathy. Shall some future generation say 
the same of us ?—Iron Age. 


w1nG-BeEaM For FreicHt-Car Trucks.—That all 
railway stock should be so constructed as to 
run with the minimum of concussion between the 
board and the rail, is conceded by all except the 
extremely old-fashioned managers, who will not 
accept any of the the ‘‘new-fangied notions,” such 
as safety switches, steel tyres, steel rails, homo- 
geneous boiler plates, etc. It seems that some of 


K NOWLES'’s Permanent Way.—We are informed 
\ that some portions of the line near Stour- 
bridge which have been laid with the permanent 


way invented by Mr. Knowles, and which 
have been subject to severe pressure from 
the shunting of trains, have given very satis- 
factory results, and that, as compared with the 
adjoining timber-sleepered portions of the road, 
they have been much less influenced by the changes 
of temperature. In the system of Mr. Knowles 
wooden sleepers are altogether discarded, and are 
replaced by nearly square plates of rolled iron, 
which do not cross the line, so that the near and 
the off rail remain separate as regards their foun- 
dations, and are only united by tie-rods to pre- 
serve the gauge. The sleeper plates are 18 in. by 
16 in., and are concave beneath from side to side, 
with bent down edges, convex above, and traversed 
on the upper surface by a broad groove, with over- 
| hanging margins. This groove receives and se- 
cures wrought iron jaws or clips, which serve as 
substitutes tor the covered chairs ; and the clips 
are of such size and shape that, when they are 
pressed closely against a reversible rail, it is sus- 
pended between them by its top tables resting on 
their upper edges, and having no direct bearing on 
the sleeper beneath. The sleepers are placed 
opposite to one another, and the tie-rods already 
mentioned puss through the rails and clips, and 
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are screwed up by nuts on both sides, so as at | ‘The first through freight car from New York 
once to close the clips firmly and to maintain the | to this city arrived Saturday evening, and was un- 


gauge of the line. Where there is no joint a 
single tie-rod suffices between two opposite sleep- | 
ers ; but every joint is placed over the middle of a 
sleeper, and has a tie-rod on either side of it, be- 
tides two extra bolts. The ordinary clips are 6 in. 
in length ; but those at a joint are 16 in. 

leepers, clips, tie-rod, and indeed everything but 
the top of the rail, is intended to be covered by 
ballast, and the sleepers would then lie at a de pth 
of about 5 in. from the surface. The merits 
claimed for this system are, that at a very slightly 
enhanced original cost it confers greatly increased 
durability ; and, in the second place, that it will 
give a steadiness of motion that will be condu- 
cive both to the comfort of passengers and to the 
preservation of springs, wheels, and axles—points 
which it is scarcely necessary to say are of con- 
siderable importance in the economical working of 
our railways. 


HE directors of the Great Indian Peninsula 
Railway Conipany, in their report for the half- 
year ending the 3lst of December last, congratu- 
jate the roprietors upon the recent completion, 
and opening for public traffic, of the main line of 
this company’s railway to Jubbulpoor, whereby 
through communication by means of the Great 
Indian Peninsula and the East Indian railways is. 
now established between Bombay and Calcutta, 
and also with the North West of India. The con- 
nection of the Great Indian Peninsula with the 
East Indian Railway at Jubbulpoor was effected 
on Monday, the 7th of March last. The 
detailed estimates of sanctioned works, of un- 
sanctioned works considered necessary and 
contemplated works, show that to com- 
plete the Great Indian Peninsula Railway, 1,272} 
miles in length, with the requisite stations, work- 
shops, anc rolling stock (322 miles being double 
line), the share capital of the Company will re- 
quire to be increased from the present amount of 
£17,000,000 to £20,000,000. The capital account 
to the 3ist of December, 186°, showed that 
£18.700,337 had been expended, leaving a balance 
of £2,631, 774. 


IN comotive Engineers’ Journal” describes as 
follows a locomotive built in the shops of the 
Louisville & Nashville Railroad, at Louisville, and 
designed by Mr. Thatcher Perkins, the Master of 
Machinery of that road : 

“The principal feature that strikes the eye at 
first sight, is the distribution of weight on the 
drivers, the forward pair coming so far forward 
that they lap in behind the guides, the yoke or 
plate holding the guides attaching near the mid- 
ale. The entire engine, frame, cylinders, rockers, 
and in fact all the work is much heavier than 
usual Mr. Perkins has the past year added 
largely to the facilities of the shops (which are 
very extensive) by the purchase ro erection of a 
large amount of improved machinery, and has now 
in course of construction six new engines for the 
use of this road. 


Jew Locomottvr.—A correspondent of the ‘‘ Lo- 


\HANGEABLE Gavuce Cars.--The San Francisco 
“Bulletin” of the 20th ult. announces as fol- 
lows the success of the experiment made by the 
Erie Railway in sending a loaded car of changeable 
gauge through from New York to San Francisco : 


| 
| 


The | 








loaded to-day at the foot of Second street. It is 
the result of an experiment by Fisk, who intended, 

if it proved successful, to have a large supply of 
freight curs constructed on the plan of this one for 
the transit from ocean to ocean. The feature of 
the car now here is, that it is mounted on axles on 
which the wheels can be moved to fit any desired 
gauge of track. In all devices heretofore used for 
changing gauge, grooves have been cut around the 
axle according to the number of changes to be 
made. It is claimed that these notches destroy the 
strength of the outside fibres of iron and weaken 
the axle. The device in this car obviates this dif- 
ficulty, by inserting a stout feather key laterally 
on the axle, which secures the wheel at any point 
on the axle. It extends into the axle about § of 
an inch. The inventor of the patent is W. B. Snow, 
who came on the car, It was built by the Erie 
Railroad Company, and was freighted with boots 
and shoes, from Philadelphia, consigned to Hobart 
& Co., of this city. The trip was made without 
accident of any kind, and the experiment was 
pronounced successful. It is stated that the Erie 
Company will build 1,000 cars for this through 
trade. The trip was made in 14§ days from New 
York.”—Railroad Gazette. 


ee LYING Locomotives with Water.—The plan 

of supplying a locomotive with water while in 
rapid motion, is applied on the Hudson River 
Railroad, near Peekskill. In carrying this method 
into practice the company have provided between 
the rails of the track an open tank or trough, 
1,200 ft. long, 18 in. wide, 15 deep, and holding 
16,000 gallons of water, supplied from two adja- 
cent springs. The tender is furnished with a pipe 
having a nozzle pointing forward, and capable, 
through simple mechanical appliances, of being 
readily raised and lowered. The train running at 
full speed (in the first trial of the apparatus it ran 
at 35 miles an hour), the nozzle is let down so as 
to pass 2 inches below the surface of water in the 
trough. As a consequence, the water is forced 
through the nozzle into the pipe and thence to the 
tender. The system works so well that a similar 
apparatus is to be located between Catskill and 
Hudson on the same line, and it is proposed to 
establish others at various points between New 
York and Chicago, which is expected to materially 
reduce the time required for the trip between the 
two cities. 

This method has been in use in England, where 
it is known as Ramsbottom's method, but we learn 
from the ‘*‘ American Artisan” that the inventor 
was a Mr. McDonald, of Virginia, whose Letters 
Patent were granted in 1854. 


Tate Raitways 1x Inpra.—Preparations are at 
last fairly on foot for surveying ard staking 
out the route for the Mkow and Indore Railway, 
Mr. Crawford Campbell C E, ‘‘ Superintending 
Engineer for the Indore and Mhow Railway,” 
having already fixed the point of its commence- 
ment by a junction with the Great Iudian Penin- 
sula Railway. near Khundwa. The first engi- 
neering question of interest connected with the 
line is as to the place and method of crossing the 
Nerbudda ; but we believe that Mr. Campbell at 
present expects to find the existing route by the 
Burwai pass suit bim the best, though the gradi- 
ents of the Simrole Ghaut may require some 
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special locomotive appliances to work them. The | 
viaduct over the Nerbudda, though of considerable | 
length, will not need to be of great height, as the 
river there only rises 25 feet. As it is very de- 
sirable the line should be as serviceable as pos- 
sible to the important but now isolated station of 
Mhow, the route will probably be kept rather 
more to the westward after pa-sing the Nerbudda, 
than would have been needful merely in aiming 
ut Indore. After leaving Indore the line is to 
sweep to the west somewhat, so as to take in the 
important durbar centres of Rutlam, Jowra, and 
Mundesor. There will be several ordinary engi- 
neering difficulties to be encountered between the 
junction with the Great Indian Peninsula Railway | 
and H. H. Holkars capital; but beyond that 

first terminus, if the line should be canied for- 

ward to Neemuch, the work can be accomplished | 
wiih tolerable facility, the country being level and | 
the watercourses infrequent, though these include | 
the Chumbla and Chumbul. There may be time | 
enough to talk of going on to Neemuch, but this 
object seems to be a seitled purpo-e with the 
present Bengali protectors ot the Indore line. It | 
1s, of course, very importaut to have that military | 
station and the centre of Kajpootana in direct | 
connection by rail with other military stations on | 
the south or west. and the Bombay merchant | 
will be glad to have railway access thither by way | 
of Malwa rather than be still excluded for au in- | 


deSuite period. —Zimes of India. 





Y her directors of the Mexican Company state in | 


their report that Mr. Buchanan, their chief | 
engine: r, being now in this couutry, is carefully | 
considering the advantages of Mr. Fairlie’s system | 
of engmes with a view of determining how far its 
application may be desirable in the prosecution 
of the works remaining to be completed. 


rie Knox and Lincoln Company are to have 
their track laid from Rath to Damariscotta, 
and cars running next autumn. A large, sub- 
stantial and powerful steamer is being built at 
Bath for their road, to ferry freight and passeu- 
gers across the Kennebec river at Bath There 
are to be seven trestle bridges from Bath to Rock- | 
land. At Wiscasset there are 66,500 ft. of piling | 
in 4,000 piles for bridges. 


We are informed that a Manchester firm have 
received an order for some locomotives fora 
branch railway which is being constructed from 
the Yeletez and Orel line to Liwny. ‘The locomo- 
tives will be on the Fairlie system, with twelve 
wheels. An English firm will «lso supply the rails 
required for the branch, but the carriages and 
trucks are to be made at Brussels.— Manchester 
Examiner. 


_ the opening of the railroad to the Pacific, 

the price of Panama Railroad stock has fallen 
from 282 to 140, and its dividends have been re- 
duced from 24 per cent. gold, to 16 per cent. cur- 
rency. 





REAT progress is being made with the Punjaub 

State Railway. Three great iron bridges are 

to be thrown over the Ranee, the Chenab, and the 

Thelum, and the iron work is to be ordered in 
England. 





_ construction of a southern trunk line is ex- 

pected to be shortly commenced in the prov- 
ince of Otago, New Zealand. A contract has also 
been let for the construction of a line between 
Dunedin and Port Chalmers, in the same province. 





“ORDNANCE AND NAVAL NOTES, 


i New Gun.—The controversy between 
Sir Joseph Whitworth and Sir William Arm- 
strong has, for a time, been allowed quietly to drop, 
and now we have ushered in a new piece of artil- 
lery to displace the inventions of both these gen- 
tlemen. The breech coil of this gun as it comes 
from the furnace will weigh 20 tons. The imner 
coil will be a bar 170 feet long, measuring 6 
inches in depth, with a breadth on the upper sur- 
fuce of 5inches. The magnitude of the operation 
may be apprehended from the fact that the length 
of this bar is very nearly equal to the height of the 
Monument. The coiling up of such a bar while 
in a state of red heat is a process well calculated 
to astonish those who are not familiar with such 
undertakings. The trunnion-hoop will be the 
largest solid forging ever made. As much as 
twenty tons of iron will be gathered round the 

ar,” by which the forging is handled. 
This quantity of iron will be gradually accumu- 
lated, and finally worked en masse, the coherence 
of the whole being secured by the blows of the 15- 
ton double-acting Nasmyth steam hammer. A 
trunnion-hoop is, necessarily, a ‘* punched”. forg- 
ing. It is, first of all, made solid, and then, by 
patience and perseverance, a hole is punched clean 
through the centre, corresponding in size to the 
body of the gun. When finaily reduced to its 
proper shape and size by the excision of superfiu- 
ous metal, the weight of this part of the gun will 
be 15 tons. In this state it will be a rough forg- 
ing, and the subsequent process of “turning,” by 
means of gigantic lathes, will reduce it still more. 
It was intended that the 30-ton gun should only be 
of 12 inches calibre, and we see that the 35-ton 
gun itself will go no farther than this, but will 
probably stop short at 11} inches. The gun now 
making at Woolwich is a considerable step in the 
right direction ; but although we go from 25 tons 
to 35, we are yet far within the limits of our 
strength. 


HEE is in course of erection, on the east side of 

New York Bay, a gun that will throw 800 five- 
ounce balls in one minute to a distnnce of about 
two miles. The shot may either be red hot or 
cold, The gun is circular, and appears like two 
discs of heavy iron plate about four feet in diame- 
ter ; upon one sideis a funnel to convey the balls 
through to the proper chamber without cessation 
of firing or diminution of speed ; the muzzle pro- 
jects upon the periphery of the circular machine, 
and muy be elevated or depressed at the will of the 
gunner by the trunnion on which it rotates. The 
machine may be worked by manual labor or steam 
power, and when worked by the latter it will throw 
from five-ounce balls to eight pound shot and shell, 
thus making it a very destructive improvement of 
warfare. The construction of the gun is under 
the care of Robert McCarthy & Son, and it was 
expected that it would be finished in time to test 
it by July 4. 
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(We find the above paragraph floating about 
among the daily and weekly papers. We trust our 
readers will recognize this dear old gun. The 
slight modification in detailas given above is not 
enough to disguise its more important and familiar 
features. As a revolver among the journals it bas 
failed somewhat of late in frequency and regularity 
of appearance. During the first years of the war 
it came around once a quarter. 

It will be observed that the old statement, that 
it could be worked with ease by two men, is omit- 
ted in the above description. This, at all events, 
indicates sume progress.—Eb. ) 


Se steamship Edinburgh has recently been fitted | 


with compound engines of 275 nominal horse- 
power. by Laird Brothers, Birkenhead, for the ser- 
vice of the Telegraph Construction and Mainten- 
ance Company. Her dimensions are 290 ft. long, 
39 ft. wide, and 26 ft. deep ; tonnage, 2,200 tons. 
She is now arranged with three large cable tanks, 
two of them being 32 ft. in diameter by 22 ft. deep, 
and the third 26 ft. in diameter by 20 ft. deep. 
Under the two largest of them there has been fitted 
an inner skin, forming a double bottom for stow- 
age of water ballast when the weight in the cable 
tanks has run out. There are also various other 
fittings and appliances specially arranged for the 
telegraph work. The engines, which are new, 
have been made by Messrs. Laird on the compound 
system, and are the third pair made for the same 
owners. The Edinburgh’s engines are vertical, 
the small cylinder having a diameter of 44 in,, and 
the ia-ge cylinder 78 in., with a stroke of 3 ft. 6 
in., and are nominally of 275 horse power. The 


cylinders are jacketed at the tops and bottoms as 


well as the sides. The valve for admitting the 
sieum to the small cylinder is fitted with an ex- 
pansion valve, and is placed at the forward end, 
and the valve for admitting the steam into the large 
cylinder is placed between the two cylinders. ‘The 
pumps are worked by levers from a crosshead on 
the piston rod of the large cylinder. The conden- 
sers have horizontal tubes, the water circulating 
inside the tubes. There are two cylindrical boilers, 
firing from both ends, having two furnaces each, 
with return tubes, and fitted with cylindrical super- 
heaters on the top of each boiler. On the first voy- 


age just completed by this ship from London to | 


Malta, with the cable to be laid from that port to 
Gibraltar on board, the following results were ob- 


tained :—Draught of water forward, 24 ft. 3 in.; | 


draught of water aft, 22 ft. 3in.; mean, 23 ft. 3 
in.; displacement at ditto, 4,870 tons ; average 
consumption per I. H. P. per hour, 1.70 lb.; num- 
ber of knots per ton of coal, 13.7. 





ENGINEERING STRUCTURES, 


PENING OF Connecticut River Rarroap 
J Bripce.—The New York and Boston Shore 
Line Railroad bridge over the Connecticut River 
was formally opened on June 11. ‘The length of 


the bridge is 1,130 ft.,and it cost about $225,000. | 


The substructure consists of fourteen column piers 
to support the stationary spans, besides the abut- 
ments at the shore ends, and eleven column piers 
to support the turn-table and swing span. Each 
column pier is formed by driving a number of 
piles in close proximity, covering in the aggregate 
an area of 5 ft. square. ‘The piles are firmly 
bolted together ; irun cylinders, some 7 or 8 ft. in 


diameter, are then let down in sections over the 
piles so as to completely surreund them; and the 
space between the cylinder and piles is filled up 
| with concrete. 

The stationary spans are constructed of wood 
and iron on the truss principle. With the excep- 
tion of the flooring, which is of wood, the swing 
span is of wrought iron ; it is built on the Pratt 
style, is 280 ft. long, and can be turned by two 
men ‘The bridge will bear a strain of 2.500 Ibs. 
to the running foot; but the breaking weight is 
estimated at about five times the bearing strain. 

| Although the weather was unfavorable, the open- 
ing ceremonies passed off very pleasantly. 


| Darren Survey.—Rrport or Capt. SE.F- 
RIDGE, COMMANDANT OF THE Expepirion.-- 
Capt. Selfridge, commander of the Darien expedi- 
| tion, who arrived in New York with his flag-ship 
Nipsic, reported in person at the Navy department. 
He made a long verbal report of the results of the 
expedition to Secretary Robeson and Vive-Admiral 
Porter, and subsequently accompanied the Secre- 
tary to the White House, where he explained to 
the President and the members of the Cabinet the 
results of the different surveys, and the prospects 
for the success of the enterprise. The Caledonia 
and the Morti routes, both thoroughly surveyed 
by Capt. Selfridge and his party, are pronounced 
by him as impracticable. The San Blas route, he 
states, can be made successful. He had not got 
through with his survey of this latter route when 
the heavy rain season commenced, and he was 
compelled to abandon any further progress for the 
present. Beside this, the entire supplies for the 
expedition were exhausted. Over 600 pairs of 
shoes had been worn out by the men, with other 
clothing in proportion. This San Blas route in- 
cludes 12 miles of the Bayamo River, which is 18 
feet deep at low water, and 28 feet at high tide, 
‘with an excellent surrounding country, and also 
26 miles of mountains or very high hills. There 
he was engaged in surveying when he was com- 
pelled to give up. on account of the rainy season, 
| exhaustion of supplies, ete. He says there is no 
doubt but that the canal can be cut throngh this 
26 miles from ocean to ocexn, and that the only 
thing to be now considered is the cost. He says 
that if this Government feels too poor to undertake 
the work themselves, they should make a proposi- 
| tion to the great Powers of Europe. and make the 
canal an International enterprise, with guarantees 
from all the Powers for its preservation and safety, 
' and each Government to bear equal portions of the 
|expense. Capt. Selfridge’s reports and explana- 
tions were highly complimented by the President, 
the Cabinet officers, and Admiral Porter. The 
President expressed himself much pleased with 
the results of the expedition so far, and stated that 
he would recommend to Congress further appro- 
| priations for the enterprise, and appeared to think 
| that this country should do all! the work itself, and 
| take all the benefits. Capt, Selfridge was relieved 
from the command of the Nipsic, and ordered to 
Portland, to prepare for the renewal of the survey 
next Fall. The steamer Guard is on her way home 
to Philadelphia. and the steamer Nyack has gone 
j;to Panama. These, with the Nipsic, comprised 
| the fleet. Capt. Selfridge states that he lost one 
| man by drowning. and three by desertion, and that 
| the general health of the fleet, officers and men, 
; Was excellent, considering the disagreeable rainy 
season.—V. Y. Tribune, 
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\ or New Prer at Carpirrr.—The low-water pier 

recently completed at Cardiff was constructed 
by the trustees of the Marquis of Bute, Mr. J. 
MacConnochie being the engineer. It was com- 
menced in August, 1867, and during the following 
year all the piles carrying the superstructure were 
driven. These piles are of Memel timber, placed 
24 ft. apart, and with 6 piles transversely in each 
row. ‘The total length of the pier is 1,350 ft., and 
its breadth 34 ft. 6 in., except at the head, where 
the width is increased to 100 ft. The roadway. 
10 ft. above the level of spring tides, is carried 
upon wrought-iron girders, which extends from 
end to end of the pier in two rows. The roadway 
consists of planking, and a timber fence extends 
on both sides for the whole length of the pier, 
except at the landing stages, where chains are 
substituted. The platform is divided into a foot- 
path for passengers and a space for vehicles, while 
a railway runs along the whole length to the pier 
head. The passenger landing stage is a pontoon 
80 ft. long and 30 ft. wide, rising and falling with 
the tide, and connected with the pier by a flight 
of steps and landings at different levels. Over the 
pontoon is built a railway station 108 ft. long, and 
20 ft. high, with waiting rooms and office, and 
immediately adjoining is a tower 40 ft. high carry- 
ing a dioptric light. Beyond the station, sidings 
to facilitate loading and unloading vessels, are 
laid, a traverser extending across the pier, for con- 
necting the main line with the sidings. At the end 
is placed a 10-ton hydraulic crane worked from a 
large engine close to the East Dock basin, A lift 
also is provided for raising passengers or their 
luggage from vessels alongside. 

At present the extension of the line from the 
pier connects only with the Rhymney Ruilway, and 
trains run through to the Adam street station, but 
other junctions will subsequently be made. 





NEW BOOKS. 


HE Science or Bumping: an Elementary 
Treatise on the Principles of Construction espe- 
cially adapted to the requirements of Architectural 
Students. By E. Wynpuam Tarn, M.A., London, 
Architect, Illustrated with forty-seven wood engrav- 
ings. London, Lockwood & Co. Forsale by Van 
Nostrand. 

Mr. Tarn has well described the scope of his 
work in his preface, where he says that he “has 
endeavored to introduce the student of architecture 
to a general outline of the scientific subjects con- 
nected with his profession, an acquaintance with 
which can at present only be obtained by the per- 
usal of a large number of works by various authori- 
ties.” He further states that in compiling his 
treatise, he ‘‘has been careful in all cases to con- 
sult the writers who stand highest in their respective 
branches of knowledge ; and by avoiding the use 
of the higher mathematics, as well as those topics 
which belong more especially to the engineering 
profession, he has brought the various subjects 
within the capacity of those whose mathematical 
attainments do not extend beyond elementary 
geometry and algebra.” 

To say that Mr. Tarn has carried out the pro- 
gramme laid down in his preface would, however, 
be rendering him very scant justice. In reality 
his book is very far from being a mere compilation; 
it is an able digest of information which, as he 





truly remarks, is only to be found scattered through 
various works, and his book in fact contains more 
really original writing than many putting forth 
far stronger claims to originality. 

The book commences with a comprehensive and 
clearly-written chapter on ‘‘ Mechanical Princi- 
ples,” in which our author treats of the composi- 
tion and resolution of forces, diagrams of forces, 
moments, centre of gravity, stubility of walls, 
strains on beans, and other kindred matters. This 
is followed by a short chapter on ‘ Retaining 
Wells” which is in its turn succeeded by one on 
semicircular, segmental, elliptic, Gothic, and ob- 
lique arches and cupolas. in this chapter Mr. 
Tarn has managed to deal with an abstruse subject 
with as little complication as possible, and, more- 
over, the somewhat lengthy, formule, which have 
unavoidably been introduced here and there, are 
illustrated by examples which will materially assist 
their application by the student. We notice that 
in this chapter the author has given a digest of 
some interesting investigations of his own, rela- 
ting to Gothic arches and vaulting and the stability 
of domes. 

Leaving theory for a time, Mr. Tarn next treats 
of the materials employed in construction ; and 
his fourth chapter is devoted to a description of 
the principal natural and artificial stones and their 
qualities. The fifth chapter deals with timber, 
commencing with some remarks on the growth of 
trees and the decay to which wood is liable, and 
passing on to consider the strength of different 
varieties of timber, the strength and deflection of 
wooden beams, the strength of pillars, the framing 
of roofs, and centringsfor arches. Next we have 
a chapter on cast and wrought iron and steel, con- 
taining information relating to the strengths of 
cast-iron beams and columns, the strength and 
deflection of wrought-iron beams and girders, 
strains on roofs, ete. ; the information afforded on 
these matters being just that which an architec- 
tural student requires. 

The last chapter relates to data concerning 
water in vessels and pipes, such as rules for calcu- 
lating the pressure on the sides of tanks, the 
flow of water through pipes, ete. Somewhat to 
our surprise, we came upon a paragraph in this 
chapter relating to specific gravity, and the mode 
of ascertaining it. At first we considered this 
paragraph out of place; but we must own that 
after looking over the book again we are unuble to 
suggest a more suitable position for it; uniess, 
indeed, it was placed in the appendix, which con- 
tains a lengthy table of the specific gravities and 
weights per cubic foot of all the principal materials 
used for building purposes. 

Altogether, Mr. Tarn has done his work exceed- 
ingly well, and he has produced a book which 
ought to earn him the thanks of all architectural 
students. To the publishers, also, a word of 
praise is due. The book is clearly printed in 
bold type, the wood-cuts are all well executed, and 
the work has been made of a very convenient 
size for reference. — Engineering. 


By W. Matrmiev Wir- 
tiaMs, F.C.S. London: Simpkin, Marshall 
& Co. For sale by Van Nostrand. 

We have in the werk before usa proof that a 
very interesting and readable volume may be pro- 
duced, although the hypothesis which has called it 
into being may be one with which we do notagree. 
Mr. Williams discusses at greath length the very 


ie Fue. or THE Sun. 
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perplexing question of the sun’s fuel, nevertheless 
we do not think that his hypothesis is an improve- 
ment upon that of Helmholtz and Thomson. But 
let us hear the writer speak for himself. After 
having come to the conclusion that an atmosphere 
very similar to our own, but only more attenuated, 
pervades all space, he supposes that the sun, in its 
progress through space, encounters new portions of 
this atmosphere, and then asks the following ques- 
tion : ‘** Does there exist in the actual arrangements 
of the solar system any machinery for stirring in 
an important quantity of the new atmospheric 
matter and ejecting the old? If so, the mainte- 
nance of the sun’s heat may be fully accounted for.” 
The question is answered in the affirmative ; the 
atmosphere is supposed to be the sun’s fuel, and 
the planetary attendants of the sun are supposed 
to perform the duty of stokers with untiring vigil- 
ance and efficiency. The mode of action of this 
atmospheric fuel in furnishing heat is supposed to 
be as follows: ‘It is evident, then, that the first 
result of the great evolution of heat from mechan- 
ical condensation of the mixed atmosphere of aque- 
ous vapor, carbonic acid, and free oxygen and 
nitrogen, will be the dissociation of the water and 
the carbonic acid. But there mustsomewhere be 
a height at which the temperature capable of effect- 
ing dissociation terminates ; where the atmosphere 
of elementary gases fringes upon that of com- 
bined aqueous vapor, and where there separated 
gases must revert into reunion with a furious 
chemical energy which will be manifested by vio- 
lent combustion. Thus we shall have a sphere of 
dissociated gases and a sphere of compound 
vapors separated by an interlying stratum of com- 
bining gases, aspherical shell of flame, constituting 
exactly what solar observers have described as the 
*photosphere.’” In fine, Mr. Williams’ hypothsis 
is ‘ta perpetual bombardment of 165 millions of 
millicns of tons of matter per second without in 
any degree altering the density, the bulk, or any 
other element ot the solar constitution.” — Nature. 


Bearbeitet von Pro- 
F. Harms, und G. 


| age once IN DIE Puysix. 
4 fessoren G, KarsrEn, 
WEYER. 

The volume before us is introductory to the 
** Allgemeine Encyclopiidie der Physik,” which is 
in course of publication, under the general editor- 


ship of Professor Karsten. The authors endeavor 
to supply whatever would not naturally be found 
or expected in the separate treatises of which the 
Encyclopedia is made up, which have been writ- 
ten independently by specialist authors from their 
individual points of view. They add a systematic 
treatment of everything that may be considered 
auxiliary to the entire group of the physical 
sciences. 

Professor Harms is the author of the most im- 
portant part of the work—a philosophical and his- 
torical introduction to the whole subject. The 
discussion ranges over three principal heads : 

1. What are the proper limits. and the true re- 
lations of physical science, and what distinctions 
can be drawn between it and the other sciences of 
matter ? 

2. What are the methods of physical inquiry, 
with a critical estimate of induction, of specula- 
tion or deduction, and of the theory of cognition 
(Erkenntniss-theorie) which has arisen in Ger- 
many since the days of Kant. This discussion is 
naturally conducted both historically and metaphy- 
sically. The rapid but exhaustive reviews of Bacon, 





Locke, Hume, Sir J. Herschel, Mil] and Whewell 
—the only authors quoted on the subject of induec- 
tion—will be specially interesting to English 
readers. 

3. The philosophical basis of the conceptions at 
the root of the natural sciences, with a full treat- 
ment of Idealism and Materialism, and a discus- 
sion of the differences between matter passive and 
without force, and matter active, bound up, that 
is to say, with capacities of change of state. 

Professor Karsten’s contributions involve an 
enormous amount of statistical and bibliographi- 
eal labor. Fifty pages are occupied with a com- 
plete catalogue of the literature of general physics. 
All the encyclopedias, all the scientific periodicals 
and collections, all the books on the history of 
science, and all the handbooks and general treatises 
of all modern nations, are gathered together in one 
most useful and naturally bewildering list. Ger- 
many, Switzerland, England, the United States, 
France, Belgium, Holland, Denmark, Sweden and 
Norway, Russia, Italy, Spain and Portugal, are 
the countries which contribute. The order in 
which we have given them exhibits the civilized 
world from the German professor’s point of view. 

A second treatise by the same author deals with 
all of what are called the universal properties of 
matter, and discusses in full the problems of chem- 
ical affinity and the newest theories of atoms. 
Little is really carried lower than the year 1560, 
but references are given to all books of importance 
published as late as 1867. 

His third treatise gives us the methods of meas- 
urement, with full descriptions of the instruments 
and copious tables of comparison between the 
units of different countries. Professor G. Weyer 
finally supplies a separate work on the determina- 
tions of space and time. All questions of latitude 
and longitude, of apparent and real magnitude, 
are fully discussed, and the astronomical data 
+ affect our estimates of time are exhibited in 
ull. 

We have preferred to give our readers.a simple 
statement of what is contained in the closely- 
printed volume of 900 royal octavo pages before 
us. Detailed criticism of five separate treatises, 
in the space at our disposal, is a mere impossibil- 
ity. It is sufficient to say here that every subject 
discussed is worked out in all the painstaking and 
exhanstive detail to which the separate volumes of 
Karsten’s Encyclopiidie previously published have 
accustomed us. Such works are of the greatest 
possible service to literature, They are not pro- 
duced in England. Our scientific men are too 
busy conquering new worlds, and lecturing on the 
exciting incidents of every fresh conquest. There 
is not a man too many thus engaged, but we con- 
fess that we sometimes turn with desire to our 
two great mediteval universities, where the liber- 
ality of our forefathers has established hundreds 
of fellowships, expressly that men might have 
leisure to devote themselves to life-long studies, 
How is it that Oxford and Cambridge leave us to 
sigh for impossible translations of laborious books 
like this which has been sent us principally by the 
University of Kiel ?—Nature. 


ax Supe Vanve Practicatity Consmperep. By 
N. P. Burcu, Engineer. Third Edition. 
London: E. & F. N. Spon. 
It is quite unnecessary for us to enlarge upon 
the important position which the slide valve occu- 
pies among steam-engine details, or to urge the 
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necessity which exists that all engineers engaged 
in steam-engine construction should thoroughly 
understand the action of such valves, and the 
effects attending variations in their dimensions. 
These matters being of acknowledged importance, 
itis but natural that we should be disposed to re- 
gard favorably any treatise professing to deal prac- 
tically with the subject of the slide valve and its 
proportions ; and we, therefore, commenced our ex- 
amination of the work before us in the full hope of 
tinding it a book which we could conscientiously 
recommend to engineering students, and, in fact, 
to all in want of information on the subject with 
which it deals. In this hope we were strength- 
ened by the fact that the book had already reached 
a third edition, and by the statement made in the 
preface, that this third edition had been rewritten 
and extended. Much to our regret, however, we 
find the work to fall very far short of what we con- 
ceive that such a treatise should be, for although it 
probably contains but few actual misstatements, 
yet it is greatly wanting in that clearness and pre- 
cision so pre-eminently requisite in a book deal- 
ing with the skde valve and its action. In fact, 
the impression left on our minds by a perusal of 
the work is not, perhaps, so much that Mr. Burgh 
is ignorant of the subject on which he writes, as 
simply that he entirely lacks the power of 
communicating his knowledge in clear and easily 
comprehensible language ; while, moreover, he is 
far too much inclined to substitute descriptions of 
particular examples in the place of explanations of 
general principles capable of universal applica- 
tion. 

Of locomotive practice Mr. Burgh says nothing, 
neither does he distinguish in any way between the 
proportions required for the valves of fast running 
as compared with slow running engines. A variety 
of other matters with which a treatise on the slide 
valve ought to deal are likewise left unnoticed, and 
altogether the work requires to be enlarged and, 
above all, entirely rewritten. At present it is lit- 
tle more than a prolonged enigma.— Engineering. 


= or ArcHITEcTURE, translated from the 


To which is added 
By R. 
For 


French of M. Lefébre. 
a Chapter on English Architecture. 
Donautp. London : Cassell, Petter & Galpin. 
sale by Van Nostrand. 

This is a pretty little book, very readable and 
likely to interest many in what architecture has 
done. It is not intended for the professional stu- 
dent. The chapter on English architecture is the 
least satisfactory part of the volume, and farther 
confirms what we recently said as to its being de- 
sirable that persons who write about buildings 
should know something of architecture. Take an 
instance in proof. The author is speaking of ** the 
Gothic style of architecture which sprang into as- 
scendency during the Middle Ages,” and says: 

«The style is also widely known as the Pointed 
style of architecture, and is very largely to be 
found in the Saxon and Norman edifices of this 
country. What is known as the Corinthian order 
of Pointed Architecture is, indeed, almost peculiar 
to England.” 

Very peculiar, indeed, we should say. Again : 

“Though the Gothic and Pointed styles are 
often confounded, there is considerable distinc- 
tion between them. In Gothic, the general run- 
ning lines are horizontal, as in entablatures and 
single cornices ; in Pointed, the general running 
lines are vertical.” 





The author is evidently at sea, Nevertheless, 
it is an interesting little book ; aud it includes a 
considerable number of illustrated wood-cuts. 


LEMENTS OF SURVEYING AND LEVELLING, WITH 
Description OF INSTRUMENTS AND THE NECES- 
sary TaBies. By Cuartes Davies, LL.D. New 
York : Barnes & Co. For sale by Van Nostrand. 
This new work is the resnit of a complete revi- 
sion of the ‘‘Elements of Surveying and Naviga- 
tion,” by the same author, a work which has held 
for many years the foremost place among our text- 
books upon this branch of science. 
Of late, however, there has been a demand in 
our higher schools for instruction of a more tech- 
nical character, adapted to the wants of those pu- 


| pils who designed to assume somewhat responsi- 


ble positions in scientific pursuits. 

This demand has been meagrely supplied, so fur 
as the different branches of surveying is concerned, 
by Engineers’ Table Books, which, although weil 
designed for the wants of engineers in fui prac- 
tice in the field, were iily adapted to the use of the 
learner of the rudiments, 

We find in this new work all that can be asked 
for in a text-book. The following synopsis of a 
few chapters will verify our statement : 

In the trigonometrical examples in the first sec- 
tions, regard has becn paid to the problems most 
frequently occurring in ordinary practice, and the 
methods of solution are those which custom at 
least has sanctioned. 

In plane surveying, the methods of holding 
the chain, chaining up hill sides, distributing the 
work in a full party, or a small one, keeping the 
notes, distmbuting the error of balances, are all set 
forth in the most satisfactory manner. 

In railway curves, an outline of the different 
methods of calculating and locating the circular 
curves is given. Besides, the ‘ deflection method ” 
in general use, there are given the methods involv- 
ing the use of the chain only, some thice or four 
in number, and the ;method which requires two 
transits and no chain. 

In section levelling, the methods of the railroad 
engineers are fully explained, The reconnaissance, 
the establishment of the route, the field operations, 
use of benches and turning points, taking and re- 
ducing the notes and establishing the grade-line, 
are treated each in proper order. 

This is naturally followed by cross-section level- 
ing; and in this chapter much useful instruction 
will be found which has never appeared in the 
books before. Twelve pages are devoted to the 
method of setting slope stakes. The diagrams are 
numerous, and all possible cases of excavation and 
embankment are covered by the method ex- 
plained. 

The rules for the field operations and recording 
the notes are given in italics. The leading 
methods of calculating the earthwork are each ap- 
plied to an example, 

The section on minirg surveying ends the 
work. In this, as in the preceding chapters, the 
instruction is of a thoroughly practical kird ; two 
or three excellent illustrations aid the text. If 
there is anything in the few works on sub-survey- 
ing as welladapted tothe student’s wants as this 
chapter, it has escaped our search for it. 

‘Lhere are other sections, which we have omitted, 
which deserve mention, but the above synopsis 
will give the render a fair idea of the value of this 
new text-book in surveying. 
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)™ SPECTRALANALYSE IN IHRER ANWENDUNG AUF 
. DIE STOFFE DER ERDE UND pie NATUR DER 
Von Dr. H. Scuzetzten. 1 vol. 


HIMMELSKORPER. 
1870. For sale by D. Van 


8vo. Brunswick. 
Nostrand. 

The author is director of the ‘‘Realschule” of 
Cologne, and has produced an admirable com- 
pilation, in which, with scientific sequence, every- 
thing of importance up to the present time on the 
nature, use, applications, and discoveries so tar 
due to spectrum analysis, are given, along with a 
running commentary as to the history of the 
method itself. not forgetting those to whom it is 
chiefly indebted, even to the extent of giving 
some of their portraits. It 1s a very real and 
practical book, though so well illustrated with 
wood-cuts, two spect:um plates in color printing, 
and four portraits, as to have some pretensions to 
be claimed as a work de luxe. Spectrum analysis 
has no doubt already elicited marvellous results, 
and takes captive the imagination by the prospect 
it offers of questioning the stellar bodies and 
spaces far beyond all other as yet known means 
of chemical inquiry. 

But although it is in the hands of men of far 
higher knowledge, and of exactive science, and, 
on the whole, of far suberer views than are the 
glacial geologists generally, there is some danger 
that this new Pegasus, when launched fairly out 
into the celestial spaces may run away with its 
riders. Some recent retractations of recently 
assumed discoveries by this method of new ele- 
ments, even in things that we can reach and 
handle, ought to inspire a wholesome caution and 
reserve as to the things im heaven, as visible to 
spectra! philosophers and in their methods. 


| By Sir John F. W. Herschel, 
ML Bart. From the Encyclopedia Britannica. 
Second Edition. Edinburgh: A. & C, black. 

Ixt.opuctory TExtT-BooK oF PuysicaL Gro- 
GrapHy. By D. Page. Ll ourth edition. Edin- 
bu gh: W. Blackwood & Sons. For sale by Van 
Nostrand. 

We class these two books together as new edi- 
tions of staudard treatises in their respective de- 
partments of science that are among the best 
that can be used by students or teschers. The 
term ‘* Meterology,” which has entirely lost its 
etymological meaning, is defined by Sir John 
Herschel as ‘‘ the description and explanation of 
thuse phenomena which group themselves under 
the head of the wea-her, of the seasons, and of 
the climate,’ a branch of natural science of the 
laws regulating which we are at present almost 
entirely ignorant, as Dr Balfour Stewart has shown 
in these pages. Writers on physical geography 
content themselves at present with a description 
of the physical contour of the globe, with some 
slight reference to its climatology, and the distri- 
bution of its animal and vegetable life, Mrs 
Sowerviile s handbook being, as far as we know, 
the most complete iu this respect. The better 
and more Jogical mode would seem to us to be, 
first of all to treat of the earth as a member of the 
solar system, and thence to deduce the laws which 
govern its natural ;}henomena; we believe that in 
tis way such phenomena as those of ocean cur- 
reuts aud tirade winds, and the variati: ns of cli- 
mate, would be rendered far more quickly intel- 
ligibie to the learner than is now the case. From 








his stand-point, Dr. Page’s ‘Introductory Text- 
Book" discusses the subject in his usual clear, 
concise, and systematic manner. — Nature. 


aw ADORNMENTS FoR Homes or TasTE. By 
Shirley Hibberd. New Edition. London: 
Groombridge & Sons. For sale by Van Nostrand. 

That two editions of this book have been @is- 
posed of in a short time is ample justification for 


| the publication of a third, especially when got up 


in so handsome a style as the one before us. 
Works of this kind appeal to a large public, not 
over-criticat as to scieutific accuracy but glad to 
possess that amount of knowledge which enables 
them to talk about ferneries and aquaria without 
committing any egregious blunder. We are far 
from depreciating the value of this smattering cf 


| science where it is all that opportunity permits to 
| be attained. 
| surrounded by beautiful natural objec s will here 


Those who like their homes to be 


find a large fund of infc rmation respecting the 
aquarium, the ferne y, the aviary, the apiary the 
conservatory, etce., given in a pleasant style, illus- 
trated with wood-cuts and colured plates. The 
volume makes altozether a very pretty gift-book, 
especially for a young lady. 


re Wortps THAN Ovrs: The Plurality of 

Worlds Studied under the Light of Recent 
Scientific Researches, By Ricnarp A. Proctor, 
B.A, F.R.A.S. Author of *‘Saturn and its 
System,” ete. London: Lougmans, Green & Co., 
Paternoster Row. For sale by Van Nostrand. 

A new work from Mr. Proctor’s pen 1s hailed 
by all interested in the science of astronomy. 
Mr. Proctor’s subject is most interesting, and he 
has prodaced a very readable book, which will 
prove att: active alike to scientific and non-scien- 
tific readers. Speculations as to the conditions 
under which beings like ourselves would exist if 
inhabiting the planets, have often been brought 
forward ; and Mr. Proctor has here treated the 
matter in the same careful and exhaustive manner 
which characterized his work on ‘Saturn and its 
System.” We heartily recommend the 
perusal of this volume to every lover of the 
science of astronomy. Unlike many scieutitic 
works, a tone of reverence towards the Creator of 
all things runs through the book, which is greatly 
to be commended. — Astronomical Register. 


By 


Professor of 


| Fag me Notes ror CHemicaL SrupeEnNTs. 


4 Epwarp Franxianp, F.R.S., 
Cuemistry iv the Royal School of Mines. Vol L., 
Inorganic Chemistry. Second Edition. Loud mn: 
Van Voorst. 1870. For sale by Van Nostrand. 

We are glad to see that Dr. Frankland, in 
bringing out a new edition of his excellent 
**Notes,’ has divided the work into two parts, 
corresponding to the inorganic and organic 
divisions of the science. ‘To the great mass of 
students this arrangement will be abo .n. ‘Lhe 
alterations in the present edition are not numer- 
ous ; but such as they are we, must confess that 
they appear to us to be inthe right direction. 
Notably would we point to the fact, that Crum 
Browns graphic formule have beeu deprived of 
their circles, for it leads us to a hope that in the 
third edition they may be improved out of ex- 
istence. We certainly, contrary to Dr. Frankland- 
and other high authoriti s, deprecato the em- 
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ployment of the species of diagrammatic guess- 
work involved in the use of graphic formule. 
We believe that its influence over the student is 
as irresistible as it is pernicious, and we trust that 
ere long the development of a more positive 
school of chemistry may lead to its banishment 
from our books. Apart, altogether, froin the fact 
that chemical bodies undergo their metamor- 
phoses in a definite relation to certain figures 
which represent weight, we know nothing of 
atomic constitution, and such a thing as an atom 
is just as great an impossibility as the idea of a 
big wall limiting space and closing in the universe. 
Indeed. the dogmatism of certain chemists on 
this question reminds us of the curious archetype 
plans which some biologists would have us believe 


a creator set before him, lest he might make a | 


mistake in cutting out the manifold patterns of 
animal life. Such things result from giving a 


false realism to mere dreamy and pleasant specu- | 
lation; but they are out of keeping with true 
philosophy; and, with the help of a little more 
positivism, the study of phenomena will soon 
drive the graphic formule into the ‘ curiosity 
shops” of chemical science.—Scientific Opinion. 





MISCELLANEOUS, 


Ynton Paciric Encrneertnc.—The article in our 

June Magazine bearing the above title should 

have been credited to the ‘-Chicago Railway Re- 
view ” instead of the ‘Iron Age.” 


N™ Meruop or Rapipty Dryinc Trmser.— 

What is required to be done in order to effec- 
tually dry timber? In the first place it is indis- 
pensable that all the soluble particles within its 
pores be removed, or otherwise it is manifest that 
they will always constitute a cause of dampness 
and deterioration. They would, in fact, act as a 
sponge, and absorb and retain a considerable pro- 
portion of humidity. By the method to which we 
draw attention, the soluble matters are first got rid 
of, and then the drying process thoroughly effected. 
The operation is commenced by allowing the 
timber to steep in boiling water for several hours. 
which removes all the soluble ingredients. At the 
lapse of this time it is dried, and again steeped or 
boiled in a weak solution of borax. The object of 
this is to remove the albuminous particles which 
will not dissolve out by the simple action of water, 
like the other more soluble ingredients. The 
action of the borax, however, produces this desir- 
able result, and the albumen is then got rid of. 


The final step consists in removing it to a drying | 


room heated by steam, where it remains during | be @ Guest canen of the anctal lasth hich 
etal, or, lastly, whic 


| form retiring angles The metal, which is in 


three days, at the termination of which it is per- 
fectly dry. Im France there are several large 
establishments for carrying on this drying busi- 
ness, and as the French employ more timber in 
permanent, or intended permanent buildings and 
erections, than ourselves, the workshops are kept 
generally very busy. It may be impossible to pre- 
vent the use of green timber, dating it from the 
time of felling, but it is not impossible to adopt 
some method of preparing it that shall prevent the 
wood of the floors, doors, and windows of houses 
two years old ‘‘ gaping” in the face of their pro- 
- prietors or tenants, as the case may be.-— The Build- 
ing News. 











conoMic Propuction or Oxycen. —The produc- 
tion of oxygen on an economical system for 
industrial purposes, as well as for illumination, is 
a task upon which many chemists in France and 
elsewhere are engaged. M. Delaurier has given 


| much attention to the manufacture of manganate 


of lime in connection with this subject. This 
manganate may be produced by heating together 
any of the oxides of manganese reduced to powder 
with an equivalent of slacked lime or chalk, also 
in powder, the two being carefully mixed together 
and heated to redness in contact with the air, the 
mixture being continually stirred or turned over, 
so that the absorption of the air may be complete. 
This composition is insoluble in wa.er, itis formed 
much more easily than the manganate of soda and 
potassium from manganese and soda and caustic 
potash, because these manganates, being to a cer- 
tain degree fusible, present smaller surfaces to 
the air for oxidation. The process indicated 
above has the advantage of furnishing at small 


| cost a composition which serves in the produc- 


tion of oxygen for the oxyhydrogen light by the 
ordinary process, and also as a very powerful 
agent of oxidation in laboratory operations. The 
oxygen may also be obtained by the use of an 
equivalent of sulphuric acid which deposits the 
lime in the form of sulphate mixed with hydrated 
protoxide of manganese ; two equivalents of oxy- 
gen are the result of this process. The manganate 
of lime is manufactured very economically by em- 
ploying the salts of manganese, which sre wasted 
in many industries. 


eNacITY OF Cast Inon.—A Hanoverian engineer, 
Mr. Hagen, has given his attention to the 
loss of tenacity in iron castiugs caused by in- 
equality in cooling, and the following are the 
results at which he has arrived: —Havivg observed 
that the solidity of castings did not depend solely 
on the observance of the known laws of the 
strength of materials, but also on phenomena 
connected with casting and cooling, and having 
called to mind the fact that it was frequently 
noticed in the foundries that castings intended to 
support great weights showed, on being taken out 
of moulds, cracks or faults, or at least exhibited 
them after having been subwitted to slight shocks. 
Mr. Hagen generally attributes these accidents to 
interior teusion within the casting, or to another 
phenomenon, supposed to consist of a kind of 
suction, which, like the tension, results from dif- 
ferences in withdrawal from the mould ard cool- 
ing. Thus in the thin parts of small section, and 
in those which are salient or flat, the diminution 
of temperature is more rapid than in the solid 
portions cfa casting, or in those which are nearer 


contact with the cold, damp mould, a conductor 
of caloric, also parts with this fluid much sooner 
that that which is only in contact with warm 
materials and bad conductors. Further, the 
molten iron, in passing through the get and the 
mould to reach the parts most distant from the 
tap-hole, transmits a portion of its heat to the sur- 
faces with which it comes in contact, and cools 
sooner than that which remains near the get or 
in the neighborhood of surfaces heated previously 
by the passage of other metal. The effects of 
these causes and irregularities, says Mr. Hagen, 
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soon show themselves; those parts most rapidly | 
| consists of 89 acres, and has been in course of for- 


cooled contract and causing a vacuum by the 
diminution of their volume, exercise a kind of 
suction on the neighboring metallic molecules. 
If the latter are still fluid, or, at any rate, have 
preserved sufficient heat to allow them to yield, 
there is no fear of tension, but, if the casting in 
those parts is solidified and incapable of yielding, 
the opposing forces acting within the casting must 
destroy or, atleast, diminish its tenacity. These 
views are not very different from those held by 
most engineers in this country. 


‘fae Compounp Marine Enatne.—A correspon- 

dence is published in the ‘“ Mail” between 
Mr. Charles Randolph, late senior partner of Ran- 
dolph, Elder, & Co,, and Mr. John L. K. Jamieson, 
at present representing that firm, relative to the 
invention or introduction of the compound ma- 
rine engine. It appears that our contemporary 
had ascribed all the merit to Mr. Randolph's part- 
ner, the late Mr. John Elder, and Mr. Randolph 
calls upon Mr. Jamieson, to whom the article had 
been submitted prior to its publication, to put the 
matter right as regards his own claims in connec- 
tion with the improvement in question. Mr. 
Jamieson declines to say ‘what proportion of 
merit should be divided between the partners,” on 
the ground that he cannot do so ‘from his own 
knowledge.” In justice to himself Mr. Randolph 
accordingly publishes the correspondence, which 
he closes with the following statement :—*‘‘ I have 
no hesitation in affirming—First, that I alone 
originated the combined engine applied to marine 
purposes as made by Randolph, Elder & Co., 
arising out of my knowledge aud experience of the 
superior economy of our double-cylinder factory 
engines as compared with marine engines in 
consumption of coal. Iaffirm secondly, that the 
designing of those engines was in great measure 
done by me; and, thirdly, that Mr. Elder on 
several occasions proposed to give up the making of 
the combined engine, and go back to the older but 
more wasteful forms of engine, rather than con- 
tinue to combat the difficuluies and uphill work of 
bringing it into general practice—which I am 
pleased to say is now the only engine generally 
adopted for marine purposes.” Disputes of this 
kind are always more or less unpleasant ; but 
**honor to whom honor is due.” Mr. John Elder 
would have been the last man to claim any dis- 





tinction which did not properly belong to him, nor 
would Mr. Randolph detract unfairly from the 
unquestionable merits of his deceased partner and 
friend. Suffice it that both gentlemen wrought 
well together during their prosperous business | 
connection, and that the firm attained, through 
their united labors, with the zealous co-operation 
of the third partner of the firm, Mr. R. S. Cunliff, 
a great reputation among the ship-building and 
engineering firms of the world.—Glasyow Citizen. 


ye or ALpERsHoT—Mr. Rawlinson’s report 

on this subject lately issued contains some 
points of much general interest. He states that ‘‘as 
an agricultural experiment, the Camp Sewage Farm 
is a success, land having no agricultural value in 
its natural state having been made (with the sew- 
age) worth a rental of £25 per acre per annum ; the 





cost to bring the land to this state, breaking up 
the subsoil crust, washing out the 


rotoxide of | consumed. 


occupying some three years of time.” This farm 


mation and cultivation during five years, The 
sewage of a population of 8,000 persons, ‘‘ with 
about 200,000 gallons of water, passes through 
the land by means of irrigation, and though the 
statement is sufficiently shocking from a sanitary 
point ot view, there is yet strong testimony to the 
efficacy of this method of deodorization in the 
recorded fact that the people break down the 
fences in order to get to the drain-ends—that is to 
the extent of the subsoil drains —to obtain this 
water for household use. Mr. Rawlinson does not, 
of course, mean to imply that the water is fit for 
drinking when he says ‘* the whole sewage passes 
through the land under cultivation, so as to be 
clarified and disinfected, no portion of it flowing 
over the land, or leaving the land otherwise than 
by the subsoil drains, where it issues bright and 
sparkling.” 


RENCH EXPERIMENTS WITH Liquip Fue..—For 

more than 10 years M. H. St. Clair Deville has 
been experimenting with mineral oils as fuel. 
‘*Comptes Rendus ” and ‘‘ Le Journal de | Eclair- 
age au Gaz” have lately published some interest- 
ing facts in regard to these experiments, a resumé 
of which is our present purpose. 

The oils employed have been obtained from 
various natural sources, and the experiments have 
also included the heavy oil from the Parisian Gas 
Company’s works. 

The experiments have determined the following 
points : In 12 kinds of crude oils analyzed, there 
was found to be from 82 to 87.1 per cent. of car- 
bon, 7.6 to 14.8 per cent. of hydrogen, and 0.9 to 
10.4 per cent. of oxygen. 

The heavy oil of the Parisian Gas Company has 
a specific gravity at 32 deg. Fahr. of 1.044,and at 88 
deg. Fahr. 1.007. It is of adark brown color, and 
contains 82 per cent. of carbon, 7.6 per cent. of 
hydrogen, and 10.4 per cent. of oxygen, nitrogen, 
and sulphur. Heated to 424 deg. Fahr., only 12.5 
per cent volatilizes. It remains fluid at 12 deg. 
Fahr. A tun of it contains about 220 gallons, and 
its cost is about 50 francs per tun, or in round 
numbers 10 dollars in gold, our currency. 

The amount of carbon added to the hydrogen 
contained in this fuel, must make it a very power- 
ful heat-generating combustible. It has nearly 
the lowest expansibility of all the oils, its coeffi- 
cient of expansion being 0.000743, and the lowest 
coefiicient being 0.000652. 

The most important experiments with the heavy 
oil were made with a locomotive of the Stras- 
bourg Railway Company. This locomotive has 
uncoupled wheels and ontside cylinders. Its 
weight is 20 tons, and that of the tender is 15 
tons. It has a heating surface of 72 sq. yds. 

The oil was supplied to the furnace from a tank, 
being fed by its own gravity. An additional sup- 
ply was carried on the tender, wherewith to renew 
the supply in the tank as required. 

The fire was kindled by lighting some shavings 
and sticks on the floor of the fireplace and at the 
same time admitting a small quantity of oil, A 
jet of steam was sent into the smoke pipe from the 
blow-off pipe of another engine, to increase the 
draft It took an hour and a quarter to get up 
steam, during which time 11 gallons of oil were 
It was shown, however, that by con- 


iron, levelling the surface, and forming the sew- | suming 12} gallons of oil, steam could be got up 


age carriers, having been about £50 wer acre, and 


in two and one half hours, without assistance from 
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another engine, but with the inconvenience of a 
large amount of dense black smoke. 

On the first experimental trip it was found that 
a speed of 40 m/les per hour was obtained with a 
consumption of about 14 lbs, of oil per mile. 

In a second experiment a train of 70 tons was 
drawn at a speed of 40 miles per hour, with a con- 
sumption ot about 17 lbs. of oil per mile. 

Subsequent experiments gave results not differ- 
ing essentially from those mentioned. 

The grate consists of 20 bars of iron cast in one 
piece, with channels for the oil to ran down, and 
1t is set perpendicularly before the furnace, which 
is lined with fire brick. 
oil to each grate bar.—Scientijic American. 


EATHERS IN MaHoGAny AND OTHER Woops.—We 
have been asked by a correspondent for an 
explanation of the so-called “feathers” in the 
grain of mahogany, satin-wood, etc. ; thinking 
other of our readers who have todo with woods 
may be interested_in the subject, we offer the fol- 
lowing explanation : 

In the structure of all woods used in building, 
there is, firstly, a series of vessels of woody tissue 
surrounding the heart of the tree, having a vertical 
growth, and arranged in annual concentric circles ; 
secondly, there are certain hard woody growths, 
called the ‘‘ medullary rays,” radiating from the 
heart, and consequently more or less horizuntal: 
these vertical and horizontal growths are intimate- 
ly but regularly platted and intertwined together, to 
give strength to the trunk, and thus far all is regu- 
larity. Now, where the branches burst through 
the stem, this regular arrangement is upset, and 
the above-mentioned woody vessels are disarrang- 
ed, and pushed at different angles. When the tree 
is cut down and sawn horizontally across amongst 
these branches, these disrupted horizontal and 
vertical vessels (of different colors, be it remem- 
bered), are seen cut at every conceivable angle, and 
an ornamental ‘‘feather,” more or less extensive, 
is the consequence. ‘These feathers do not exist 
at the base of the tree, because there are no 
branches there to disturb the annual growths of 
the wood (minute feathers do indeed exist at the 
very heart, and these were caused by the growth of 
leaves and twigs when the tree was a seedling or 
little cutting). ‘‘Feathers” are not seen in deal 
because the fir is a straight-growing tree, without 
branches, in the portion of the trunk used in com- 
merce. ‘‘ Feathers” are seen most abundantly in 
‘* pollards,” for the simple reason that after the top 
ot the tree has been sawn off, an immense growth of 
branches is always induced, disturbing the tissues 
in every imaginable way, the action of the light on 
the ‘feathers,’ adds greatly to their beauty after 
the wood is polished.—The Builder. 


y ger or Minerva Portas Prrene, Asta Mrnor. 
—The newspapers have mentioned that a valu- 
able collection of ancient marbles, the result of 
excavations by Mr. R. Popplewell Pullan, to whom 
the readers of the “Builder” have often been in- 
debted for accounts of foreign cities, was on its 
way to England, and would be placed in the Brit- 


ish Museum. ‘The cases have now arrived and are 
being unpacked. They contain fragments of the 
sculptural and architectural adornments of the 
temple, including portions of the celebrated statue 
of Minerva, mentioned by Pausanias, a colossal 
female head of a fine period, parts of several draped 
statues, heads of the Macedonian time, and frag- 


ments of the frieze, which in style closely resembles 
the reliefs on the Mausoleum, and is believed, in 
tact, to be by the same hand. Besides the marbles 
discovered by Mr. Pullan, there are 33 cases, the 
fruits of the labors of Mr. Wood at Ephesus, and 
2 cases sent from Asia Minor by Mr. Dennis, whose 
researches among the tombs of the Lydian kings 
at Sardis were abruptly brought to a close by the 
want of funds. 

Mr. Pullan has been engaged in excavating 
ancient sites with varying results, at different 
times, during the last 8 years, at considerable risk, 





A separate cock supplies , 


and may be congratulated on the result of his 
last undertaking. The temple as uncovered pre- 
sents an octostyle plan ; the steps and pavements 
| being everywhere perfect. The walls of the naos 
and pronaos are standing in some pl:ices to a height 
' of 6 ft., and the columns of the porticos to a height 
of 13 ft. or 14 ft. The whole is built of white 
marble, put together with iron cramps and copper 
dowels, and without mortar, and ull the carved 
| ornaments are of the most elegant workmanship. 
| There is no other ruin mm Asia Minor of a good date 
| in so perfect a condition. The temples of Arzani 
and Euromus, which alone are more complete, are 
| of a much later period. The site is a magnificent 
| one, being on the side of a mountain, above the 
| plain of the Mceander, and opposite the marshes 
| which surround the site of Miletus. At the time 
| when Mr. Pullan encamped on the spot, three- 
| fourths of the population were suffering from in- 
termittent fever, and before he had been at work 
long he and his principal workmen were attacked 
| by it. He was compelled to suspend operations. 
| The wintry storms were so violent, that their en- 
| campment was blown down, and he was compelled 
' to build a house in the ruins. Add to these con- 
tretemps, that he had frequent notice from the Ber- 
lin consul, and from the Pacha, at Smyrna, as well 
; as from the local authorities, that there were bri- 
| gands in the vicinity, and that if he remained it 
| would be entirely at his own risk, and it will be 
seen that such investigations require no small 
| amount of courage and resolution. —The Builder. 


pom Pomprnc Eneines.—The number of 
pumping engines reported for November, is 20. 
| They have consumed 1,225 tons of coal, and lifted 
8.5 million tuns of water 10 fms. high. The aver- 
age duty of the whole is, therefore, 46,700,000 Ibs., 
lifted 1 ft. high, by the consumption of 112 Ibs. of 
coal. The following engines have exceeded the 
average duty: 


Chivertoon Moor, 70 in.............Millions 54.0 
Great Work, Leed’s 60 in. cones 
North Wheal Crofty, Trevenson’s 80 in...... 56,2 
Providence Mines, 40 in 

South Wheal Frances, Marriott’s 75 in 

West Wheal Seton, Harvey's 85 in..... 

Wheal Seton, Tilly’s 70in . 

Wheal Seton, Tregonning’s 70 in 


ARDNEsS OF Metars.—An instrument for deter- 

mining the hardness of metals has been in- 
vented by a French engineer. It consists of a 
drill, turned by a machine of a certain and uni- 
form strength. The instrument indicates the 
number of revolutions made by the drill. From 
this, compared with the length of the bore-hole 
produced, the hardness of the metal is estimated. 
| It is said that most rails are tested in France by 
this instrument. 








